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CLAIMS 



(57) [Claim(s)] 

[Claim 1] An optical frequency modulation means to input an electrical signal and to output the signal light which 
carried out the optical frequency modulation, An optical frequency oscillation means to output said signal light 
and the local oscillation light of optical frequency which left only the predetermined intermediate frequency, It 
has an optical multiplexing means to multiplex said signal light and said local oscillation light, and a photo- 
electric-translation means to change and output the output of said optical multiplexing means to an electrical 
signal. The optical-heterodyne-detection section which outputs the modulating signal which inputted said signal 
light and carried out frequency conversion to said intermediate frequency, It has an unnecessary on-the- 
strength component clearance means to remove AM component in the signal which generates an optical 
frequency modulation means generated in said optical frequency modulation means. Said unnecessary on-the- 
strength component clearance means The modulation-technique conversion circuit characterized by consisting 
of a distribution means to distribute the electrical signal inputted into said optical frequency modulation means, 
and a multiplexing means to multiplex one of the outputs of said distribution means due to the output modulating 
signal of said optical-heterodyne-detection section, and an opposite phase. [Claim 2] An optical frequency 
modulation means to input an electrical signal and to output the signal light which carried out the optical 
frequency modulation, An optical frequency oscillation means to output said signal light and the local oscillation 
light of optical frequency which left only the predetermined intermediate frequency, It has an optical multiplexing 
means to multiplex said signal light and said local oscillation light, and a photo-electric-translation means to 
change and output the output of said optical multiplexing means to an electrical signal. The optical-heterodyne- 
detection section which outputs the modulating signal which inputted said signal light and carried out frequency 
conversion to said intermediate frequency, It has an unnecessary on-the-strength component clearance means 
to remove AM component in the signal which generates an optical frequency modulation means generated in said 
optical frequency modulation means. Said unnecessary on-the-strength component clearance means The 
modulation-technique conversion circuit characterized by consisting of a distribution means to distribute the 
electrical signal inputted into said optical frequency modulation means, and an optical intensity modulation 
means which carries out intensity modulation of the output signal light of said optical frequency modulation 
means with one output of said distribution means. [Claim 3] An optical frequency modulation means to input an 
electrical signal and to output the signal light which carried out the optical frequency modulation, An optical 
frequency oscillation means to output said signal light and the local oscillation light of optical frequency which 
left only the predetermined intermediate frequency, It has an optical multiplexing means to multiplex said signal 
light and said local oscillation light, and a photo-electric-translation means to change and output the output of 
said optical multiplexing means to an electrical signal. The optical-heterodyne-detection section which outputs 
the modulating signal which inputted said signal light and carried out frequency conversion to said intermediate 
frequency, It has an unnecessary on-the-strength component clearance means to remove AM component in the 
signal which generates an optical frequency modulation means generated in said optical frequency modulation 
means. Said unnecessary on-the-strength component clearance means Optical intensity modulation of one side 
of the output of a dichotomy means to dichotomize the output signal light of said optical frequency modulation 
means, and said dichotomy means is carried out. An optical intensity modulation means to supply the output 
which carried out optical intensity modulation to said optical-heterodyne-detection section, The modulation- 
technique conversion circuit which changes another output of said dichotomy means into an electrical signal, and 
is characterized by consisting of an optical/electrical converter for inputting the changed electrical signal into 
said optical intensity modulation means as a modulating signal by the opposite phase. [Claim 4] An optical 
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frequency modulation means to input an electrical signal and to output the signal light which carried out the 
optical frequency modulation, An optical frequency oscillation means to output said signal light and the local 
oscillation light of optical frequency which left only the predetermined intermediate frequency, It has an optical 
multiplexing means to compound said signal light and said local oscillation light, and the 1st photo-electric- 
translation means which changes and outputs the output of said optical multiplexing means to an electrical 
signal. The modulation-technique conversion circuit which consists of the optical-heterodyne-detection section 
which outputs the modulating signal which inputted said signal light and carried out frequency conversion to said 
intermediate frequency, The optical sending set which consists of a transmitting means to output the 
transmitting light which carried out intensity modulation with the output of said modulation-technique conversion 
circuit, In the lightwave signal transmission equipment which is connected to an optical transmission line and 
said optical sending set through said optical transmission line, and is equipped with the optical receiving set 
which consists of the 2nd photo-electric-translation means and a frequency recovery means which carries out 
the frequency recovery of the output of said 2nd photo-electric-translation means It has an unnecessary on- 
the-strength component clearance means to remove AM component in the signal which generates an optical 
frequency modulation means generated in said optical frequency modulation means. Said unnecessary on-the- 
strength component clearance means Lightwave signal transmission equipment characterized by consisting of a 
distribution means to distribute the electrical signal inputted into said optical frequency modulation means, and a 
multiplexing means to multiplex one of the outputs of said distribution means due to the output modulating signal 
of said optical-heterodyne-detection section, and an opposite phase. [Claim 5] An optical frequency modulation 
means to input an electrical signal and to output the signal light which carried out the optical frequency 
modulation, An optical frequency oscillation means to output said signal light and the local oscillation light of 
optical frequency which left only the predetermined intermediate frequency, It has an optical multiplexing means 
to compound said signal light and said local oscillation light, and the 1st photo-electric-translation means which 
changes and outputs the output of said optical multiplexing means to an electrical signal. The modulation- 
technique conversion circuit which consists of the optical-heterodyne-detection section which outputs the 
modulating signal which inputted said signal light and carried out frequency conversion to said intermediate 
frequency, The optical sending set which consists of a transmitting means to output the transmitting light which 
carried out intensity modulation with the output of said modulation-technique conversion circuit, In the lightwave 
signal transmission equipment which is connected to an optical transmission line and said optical sending set 
through said optical transmission line, and is equipped with the optical receiving set which consists of the 2nd 
photo-electric-translation means and a frequency recovery means which carries out the frequency recovery of 
the output of said 2nd photo-electric-translation means It has an unnecessary on-the-strength component 
clearance means to remove AM component in the signal which generates an optical frequency modulation means 
generated in said optical frequency modulation means. Said unnecessary on-the-strength component clearance 
means Lightwave signal transmission equipment characterized by consisting of a distribution means to distribute 
the electrical signal inputted into said optical frequency modulation means, and an optical intensity modulation 
means which carries out intensity modulation of the output signal light of said optical frequency modulation 
means with one output of said distribution means. 

[Claim 6] An optical frequency modulation means to input an electrical signal and to output the signal light which 
carried out the optical frequency modulation, An optical frequency oscillation means to output said signal light 
and the local oscillation light of optical frequency which left only the predetermined intermediate frequency, It 
has an optical multiplexing means to compound said signal light and said local oscillation light, and the 1st photo- 
electric-translation means which changes and outputs the output of said optical multiplexing means to an 
electrical signal. The modulation-technique conversion circuit which consists of the optical-heterodyne- 
detection section which outputs the modulating signal which inputted said signal light and carried out frequency 
conversion to said intermediate frequency, The optical sending set which consists of a transmitting means to 
output the transmitting light which carried out intensity modulation with the output of said modulation-technique 
conversion circuit, In the lightwave signal transmission equipment which is connected to an optical transmission 
line and said optical sending set through said optical transmission line, and is equipped with the optical receiving 
set which consists of the 2nd photo-electric-translation means and a frequency recovery means which carries 
out the frequency recovery of the output of said 2nd photo-electric-translation means It has an unnecessary 
on-the-strength component clearance means to remove AM component in the signal which generates an optical 
frequency modulation means generated in said optical frequency modulation means. Said unnecessary on-the- 
strength component clearance means Optical intensity modulation of one side of the output of a dichotomy 
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means to dichotomize the output signal light of said optical frequency modulation means, and said dichotomy 
means is carried out. An optical intensity modulation means to supply the output which carried out optical 
intensity modulation to said optical-heterodyne-detection section, Lightwave signal transmission equipment 
which changes another output of said dichotomy means into an electrical signal, and is characterized by 
consisting of an optical/electrical converter for inputting the changed electrical signal into said optical intensity 
modulation means as a modulating signal by the opposite phase. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the modulation-technique conversion circuit and lightwave 
signal transmission equipment which are used for the optical transmission of a broadband signal. This invention 
relates to the modulation-technique conversion circuit and lightwave signal transmission equipment which were 
suitable for carrying out optical transmission of the multi-channel video signal by which frequency division 
multiplex is carried out, and by which amplitude modulation was carried out, and were suitable for using by the 
passive double star (PDS) light subscriber system especially in more detail. 
[0002] 

[Description of the Prior Art] In current and each country, researches and developments of the optical 
transmission method which changes and transmits a broadband electrical signal to a lightwave signal as an 
approach of transmitting a multi-channel video signal are furthered energetically. There is a method (henceforth 
an AM-TV transmission system) which carries out intensity modulation of the semiconductor laser to one of 
them in proportion to the amplitude of the multi-channel video signal by which amplitude modulation is carried 
out, and carries out optical transmission of the lightwave signal which carried out intensity modulation to it. The 
AM-TV transmission system is mainly used for the trunk system optical transmission of cable television. 
However, since an AM-TV transmission system has small noise proof stress, it has the technical problem that 
the large level difference between transmission and reception cannot be taken, and the large transmission 
distance and the optical large degree in an optical transmission system cannot be taken. 

[0003] In order to solve this technical problem, after carrying out the frequency modulation of the multi-channel 
video signal beforehand for every channel, the method (henceforth the FM-TV transmission system according to 
image channel individual) which carries out intensity modulation of the semiconductor laser, and carries out 
optical transmission was developed. Since the FM-TV transmission system according to image channel individual 
has large noise proof stress, it can take a transmission distance and an optical large degree in the big optical 
transmission system of the level difference between transmission and reception. However, by this method, since 
it must get over after choosing a channel, and a channel selection circuitry will become complicated in a 
broadband, the technical problem that a receiver will become expensive occurred. 

[0004] On the other hand, after the multi-channel video signal was put in block with many channels and carried 
out frequency modulation as a different thing from these, intensity modulation of the semiconductor laser was 
carried out, optical transmission of the modulating-signal light was carried out, and research and development in 
the method (henceforth a package FM-TV transmission system) to which bundles up by the receiving side and it 
restores to a multi-channel video signal was done. Since a package FM-TV transmission system has large noise 
proof stress, it can take a transmission distance and an optical large degree in an optical transmission system 
with the large level difference between transmission and reception. And although the signal by which optical 
transmission is carried out is a broadband, since channel selection can be carried out with the general-purpose 
tuner for cable television from the signal to which could restore in the easy circuit and it restored by using a 
high speed IC, a receiver can be constituted cheaply. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since the modulator which carries out the frequency 
modulation of the multi-channel video signal collectively is conventionally constituted using the voltage 
controlled oscillator (it is hereafter described as VCO), a limit is in the frequency band which can be modulated 
by the band limit of the input frequency of VCO. Since the input impedance of VCO generally becomes large in a 
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RF, about 200MHz of the electrical signal which can be inputted into VCO is a limitation. Since it is restricted by 
the frequency (for example, 90MHz) of a radio broadcasting, the minimum of a frequency band usable to 
transmission of television broadcasting serves as a frequency band which can be used for transmission of an 
about 90-200MHz band of television broadcasting, when using VCO. For example, if transmission band width of 
face required for transmission per channel of television broadcasting is set to 6MHz, in using VCO, the number 
of the image channels which can be transmitted simultaneously will become about 20 channels. Furthermore, 
producing VCO which crosses to a large frequency band and maintains linearity also has a problem on 
production of being difficult. 

[0006] This invention was made under such a background, can carry out [ broadband ]-izing of the frequency 
band compared with the former, and aims at offering the lightwave signal transmission equipment using the 
modulation-technique conversion circuit and it which make possible a quality signal transmission with few 
distortion and noises. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention according 
to claim 1 An optical frequency modulation means to input an electrical signal and to output the signal light 
which carried out the optical frequency modulation, An optical frequency oscillation means to output said signal 
light and the local oscillation light of optical frequency which left only the predetermined intermediate frequency, 
It has an optical multiplexing means to multiplex said signal light and said local oscillation light, and a photo- 
electric-translation means to change and output the output of said optical multiplexing means to an electrical 
signal. The optical-heterodyne-detection section which outputs the modulating signal which inputted said signal 
light and carried out frequency conversion to said intermediate frequency, It has an unnecessary on-the- 
strength component clearance means to remove AM component in the signal which generates an optical 
frequency modulation means generated in said optical frequency modulation means. Said unnecessary on-the- 
strength component clearance means It is the modulation-technique conversion circuit characterized by 
consisting of a distribution means to distribute the electrical signal inputted into said optical frequency 
modulation means, and a multiplexing means to multiplex one of the outputs of said distribution means due to 
the output modulating signal of said optical-heterodyne-detection section, and an opposite phase. 
[0008] Moreover, an optical frequency modulation means to output the signal light which invention according to 
claim 2 inputted the electrical signal, and carried out the optical frequency modulation, An optical frequency 
oscillation means to output said signal light and the local oscillation light of optical frequency which left only the 
predetermined intermediate frequency, It has an optical multiplexing means to multiplex said signal light and said 
local oscillation light, and a photo-electric-translation means to change and output the output of said optical 
multiplexing means to an electrical signal. The optical-heterodyne-detection section which outputs the 
modulating signal which inputted said signal light and carried out frequency conversion to said medium periphery 
</U> wave number, It has an unnecessary on-the-strength component clearance means to remove AM 
component in the signal which generates an optical frequency modulation means generated in said optical 
frequency modulation means. Said unnecessary on-the-strength component clearance means It is the 
modulation-technique conversion circuit characterized by consisting of a distribution means to distribute the 
electrical signal inputted into said optical frequency modulation means, and an optical intensity modulation 
means which carries out intensity modulation of the output signal light of said optical frequency modulation 
means with one output of said distribution means. 

[0009] Moreover, an optical frequency modulation means to output the signal light which invention according to 
claim 3 inputted the electrical signal, and carried out the optical frequency modulation, An optical frequency 
oscillation means to output said signal light and the local oscillation light of optical frequency which left only the 
predetermined intermediate frequency, It has an optical multiplexing means to multiplex said signal light and said 
local oscillation light, and a photo-electric-translation means to change and output the output of said optical 
multiplexing means to an electrical signal. The optical-heterodyne-detection section which outputs the 
modulating signal which inputted said signal light and carried out frequency conversion to said intermediate 
frequency, It has an unnecessary on-the-strength component clearance means to remove AM component in the 
signal which generates an optical frequency modulation means generated in said optical frequency modulation 
means. Said unnecessary on-the-strength component clearance means Optical intensity modulation of one side 
of the output of a dichotomy means to dichotomize the output signal light of said optical frequency modulation 
means, and said dichotomy means is carried out. An optical intensity modulation means to supply the output 
which carried out optical intensity modulation to said optical-heterodyne-detection section, Another output of 
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said dichotomy means is changed into an electrical signal, and it is the modulation-technique conversion circuit 
characterized by consisting of an optical/electrical converter for inputting the changed electrical signal into said 
optical intensity modulation means as a modulating signal by the opposite phase. 

[0010] Moreover, an optical frequency modulation means to output the signal light which invention according to 
claim 4 inputted the electrical signal, and carried out the optical frequency modulation, An optical frequency 
oscillation means to output said signal light and the local oscillation light of optical frequency which left only the 
predetermined intermediate frequency, It has an optical multiplexing means to compound said signal light and 
said local oscillation light, and the 1st photo-electric-translation means which changes and outputs the output of 
said optical multiplexing means to an electrical signal. The modulation-technique conversion circuit which 
consists of the optical-heterodyne-detection section which outputs the modulating signal which inputted said 
signal light and carried out frequency conversion to said intermediate frequency, The optical sending set which 
consists of a transmitting means to output the transmitting light which carried out intensity modulation with the 
output of said modulation-technique conversion circuit, In the lightwave signal transmission equipment which is 
connected to an optical transmission line and said optical sending set through said optical transmission line, and 
is equipped with the optical receiving set which consists of the 2nd photo-electric-translation means and a 
frequency recovery means which carries out the frequency recovery of the output of said 2nd photo-electric- 
translation means It has an unnecessary on-the-strength component clearance means to remove AM 
component in the signal which generates an optical frequency modulation means generated in said optical 
frequency modulation means. Said unnecessary on~the-strength component clearance means It is the lightwave 
signal transmission equipment characterized by consisting of a distribution means to distribute the electrical 
signal inputted into said optical frequency modulation means, and a multiplexing means to multiplex one of the 
outputs of said distribution means due to the output modulating signal of said optical-heterodyne-detection 
section, and an opposite phase. [0011] Moreover, an optical frequency modulation means to output the signal 
light which invention according to claim 5 inputted the electrical signal, and carried out the optical frequency 
modulation, An optical frequency oscillation means to output said signal light and the local oscillation light of 
optical frequency which left only the predetermined intermediate frequency, It has an optical multiplexing means 
to compound said signal light and said local oscillation light, and the 1st photo-electric-translation means which 
changes and outputs the output of said optical multiplexing means to an electrical signal. The modulation- 
technique conversion circuit which consists of the optical-heterodyne-detection section which outputs the 
modulating signal which inputted said signal light and carried out frequency conversion to said intermediate 
frequency, The optical sending set which consists of a transmitting means to output the transmitting light which 
carried out intensity modulation with the output of said modulation-technique conversion circuit, In the lightwave 
signal transmission equipment which is connected to an optical transmission line and said optical sending set 
through said optical transmission line, and is equipped with the optical receiving set which consists of the 2nd 
photo-electric-translation means and a frequency recovery means which carries out the frequency recovery of 
the output of said 2nd photo-electric-translation means It has an unnecessary on-the-strength component 
clearance means to remove AM component in the signal which generates an optical frequency modulation means 
generated in said optical frequency modulation means. Said unnecessary on-the-strength component clearance 
means It is the lightwave signal transmission equipment characterized by consisting of a distribution means to 
distribute the electrical signal inputted into said optical frequency modulation means, and an optical intensity 
modulation means which carries out intensity modulation of the output signal light of said optical frequency 
modulation means with one output of said distribution means. 

[0012] Moreover, an optical frequency modulation means to output the signal light which invention according to 
claim 6 inputted the electrical signal, and carried out the optical frequency modulation, An optical frequency 
oscillation means to output said signal light and the local oscillation light of optical frequency which left only the 
predetermined intermediate frequency, It has an optical multiplexing means to compound said signal light and 
said local oscillation light, and the 1st photo-electric-translation means which changes and outputs the output of 
said optical multiplexing means to an electrical signal. The modulation-technique conversion circuit which 
consists of the optical-heterodyne-detection section which outputs the modulating signal which inputted said 
signal light and carried out frequency conversion to said intermediate frequency, The optical sending set which 
consists of a transmitting means to output the transmitting light which carried out intensity modulation with the 
output of said modulation-technique conversion circuit, In the lightwave signal transmission equipment which is 
connected to an optical transmission line and said optical sending set through said optica! transmission line, and 
is equipped with the optical receiving set which consists of the 2nd photo-electric-translation means and a 
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frequency recovery means which carries out the frequency recovery of the output of said 2nd photo-electric- 
translation means It has an unnecessary on-the-strength component clearance means to remove AM 
component in the signal which generates an optical frequency modulation means generated in said optical 
frequency modulation means. Said unnecessary on-the-strength component clearance means Optical intensity 
modulation of one side of the output of a dichotomy means to dichotomize the output signal light of said optical 
frequency modulation means, and said dichotomy means is carried out. An optical intensity modulation means to 
supply the output which carried out optical intensity modulation to said optical-heterodyne-detection section, 
Another output of said dichotomy means is changed into an electrical signal, and it is the lightwave signal 
transmission equipment characterized by consisting of an optical/electrical converter for inputting the changed 
electrical signal into said optical intensity modulation means as a modulating signal by the opposite phase. [0013] 

[0014] 
[0015] 
[0016] 
[0017] 
[0018] 
[0019] 
[0020] 
[0021] 
[0022] 
[0023] 
[0024] 

[Embodiment of the Invention] As the example of 1 configuration is shown in drawing 1 (a) - drawing 1 (c), the 
lightwave signal transmission equipment with which this invention is applied extracts optical FM modulation 
component of the semi-conductor FM laser modulated with the broadband AM input signal as an electric FM 
modulation component by optical heterodyne detection, carries out intensity modulation of the light source for 
transmission, and transmits it to an optical transmission line. Drawing 1 (a) is the block diagram showing the 
whole lightwave signal transmission equipment 100 configuration. The lightwave signal transmission equipment 
100 consists of SLT (subscriber line terminal)1, an optical transmission line 2, ONU (optical network termination) 
3, and a television set 4. However, the television set 4 which receives AM video signal outputted from ONU3 can 
be transposed to devices, such as a video tape recorder which has a receive section. Furthermore, the 
configuration which does not contain a television set 4 can also be considered as one mode of the lightwave 
signal transmission equipment by this invention. In addition, the outline of such lightwave signal transmission 
equipment "Optical Super by the artificer of this application Wide-Band FM Modulation Scheme and Its 
Application to Multi-Channel AM Video Transmission Systems", International Conference on Integrated Optics It 
is indicated by and Optical Fibre Communication, IOOC-95, June 26-30, 1995, Technical Digest, and volume 5- 
Postdeadline Papers. 

[0025] SLT1 shown in drawing 1 (a) consists of an AM/FM (amplitude modulation/frequency modulation) 
converter 11 and DFB (distribution feedback) laser 12. SLT1 inputs and transmits collectively AM video signal of 
the many channels by which frequency division multiplex was carried out to up to an optical transmission line 2 
as an optical transmission signal by which intensity modulation was carried out with the multi-channel video 
signal changed and changed into FM video signal. An optical transmission line 2 transmits a lightwave signal using 
two or more optical fibers 22 connected to the branching output of an optical fiber 20, the optical star coupler 
21, and the optical star coupler 21 with the passive double star (PDS) method which enables the communication 
link of one-pair a large number. ONU3 receives and carries out photo electric translation of the optical 
transmission signal transmitted through an optical transmission line 2 by photo electric translation and the 
FM/AM converter 30, and restores to it and outputs it to AM video signal. A television set 4 receives AM video 
signal outputted from ONU3, and projects the image of the channel of the arbitration chosen by the user from 
multiple channels. 

[0026] Drawing 1 (b) is the block diagram showing the internal configuration of the AM/FM converter 11 shown 
in drawing 1 (a). The AM/FM converter 1 1 consists of the optical frequency modulation section 1 1 1 and the 
optical-heterodyne-detection section 112. The optical frequency modulation section 111 contains the semi- 
conductor FM laser 111-1. The optical-heterodyne-detection section 1 12 is equipped with the optical/electrical 
converter 112-3 which consists of the optical frequency local oscillator 112-1 and the optical multiplexing 
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machine 1 12-2 which consist of semi-conductor local laser 112-10, and PD (photodiode). On the other hand, 
photo electric translation and the FM/AM converter 30 consist of an optical/electrical converter 31 which 
consists of APD (ABARANSHU photodiode) as shown in drawing 1 (c), and the FM recovery section 32. FM 
recovery section 32 restores to FM electrical signal transformed into the electrical signal with the 
optical/electrical converter 31 to AM electrical signal by differentially coherent detection using the reversal 
non-inversed amplifier 32-1, the delay line 32-2, an exclusive "or" circuit 32-3, and a low pass filter 32-4. 
[0027] The lightwave signal transmission equipment shown in drawing 1 by the above configuration inputs into 
SLT1 AM video signal of the many channels by which frequency division multiplex was carried out, and carries 
out FM modulation of the semi-conductor FM laser 111-1 with this input signal. Using the optical frequency local 
oscillator 1 12-1 and the optical multiplexing machine 1 12-2, with an optical-heterodyne-detection technique, the 
optical-heterodyne-detection section 1 12 obtains an optical frequency modulation component from the output 
of the semi-conductor FM laser 111-1 modulated with the broadband AM input signal, it carries out photo 
electric translation with an optical/electrical converter 1 1 2-3 further, and it extracts an electric package FM 
modulation component. Intensity modulation of the light source for transmission using DFB laser 12 is carried 
out by the electric package FM modulation component outputted from an optical/electrical converter 112-3, and 
the lightwave signal by which intensity modulation was carried out is transmitted to an optical transmission line 
2. On the other hand, in a receiving side, photo electric translation of the optical transmission signal transmitted 
through an optical transmission line 2 is received and carried out with an optical/electrical converter 31 in 
ONU3. And in FM recovery section 32, it gets over to AM video signal by differentially coherent detection. 
[0028] The spectrum of the recovery multi-channel AM video signal to which bundles up an example of the 
spectrum of the electric package FM modulation component obtained by drawing 2 (a) as an output of the 
optical-heterodyne-detection section 112 by FM recovery section 32 to drawing 2 (b), and it restores is shown. 
Drawing 2 (a) shows the center frequency of the spectrum of an electric package FM modulation component, 
and the intermediate frequency shows the case of 1.75GHz. Drawing 2 (b) shows the case where it restores to 
AM video signal of 40 channels. 

[0029] When applying the lightwave signal transmission equipment of a configuration of being shown in drawing 1 
(a) -1(c) to a cable television system, it becomes possible to put in block AM video signal of dozens of channels, 
to change into one FM signal, to send this out to an optical transmission line, to put this FM transmission signal 
in block by differentially coherent detection etc. by the receiving side, and to get over to a multi-channel AM 
video signal. That is, according to the above configuration, with the package FM-TV transmission system which 
used VCO conventionally, the signal transmission of the difficult wide band of realizing becomes possible. 
However, in order in using lightwave signal transmission equipment mentioned above to decrease a noise and to 
make a quality signal transmission possible, to adopt each configuration by this invention explained further below 
in addition to the above configuration is desired. 

[0030] In the package FM-TV transmission system with which the configuration shown in drawing 1 (a) and 
drawing 1 (c) is included, it turns out that the value of CNR (Carrier to Noise Ratio: carrier-to-noise ratio) 
obtained when it restores to the output signal in the photo electric translation in ONU3 and the output terminal 
(namely, output terminal of FM recovery section 32) of the FM/AM converter 30 to AM video signal is dependent 
on the number of channels to transmit. That is, CNR can be improved by reducing the number of channels. 
However, when the number of channels is reduced for the purpose of the improvement of CNR, the operation 
effectiveness of the signal transmission of the wide band obtained by the above-mentioned configuration is no 
longer employed fully efficiently. Therefore, a technique which can perform the improvement of CNR was desired, 
without reducing the number of channels. On the other hand, this invention sets it as the detailed object to offer 
the modulation-technique conversion circuit which can improve CNR, and lightwave signal transmission 
equipment, without reducing the number of channels, and offers the configuration for it. 
[0031] the ratio of the power PFM of the signal light (FM laser beam) inputted into an optical/electrical 
converter 112-3 in the optical-heterodyne-detection section 112 which shows drawing 3 (a) and drawing 3 (b) to 
drawing 1 (b), and the power PLO of the local oscillation light (local laser beam) outputted from the optical 
frequency local oscillator 1 12-1 — the relation of PFM/PLO and CNR when restoring to a modulating signal to 
AM video signal in the output terminal of the AM/FM converter 1 1 is shown. Here, drawing 3 (a) shows measured 
value in case it is 2.75GHz, the center frequency, i.e., the intermediate frequency, of FM signal spectrum, and, as 
for drawing 3 (b), shows the measured value in 3.85GHz. Both are the transmission characteristics of 20 
channels. Moreover, frequency deviation deltaf per channel is 220MHzO-p/ch and 280MHzO-p/ch, respectively, 
when intermediate frequencies are 2.75GHz and 3.85GHz. 
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[0032] As shown in these drawings, CNR of AM video signal changes depending on the value of the ratios 
PFM/PLO of the power PFM of FM laser beam, and the power PLO of a local laser beam. Furthermore, the 
relation between CNR and the power ratios PFM/PLO changes with the magnitude of an intermediate frequency. 
Moreover, as for CNR serving as max, drawing 3 (a) and drawing 3 (b) show that an optical power ratio is about 
OdB. therefore, the ratio of Power PFM and Power PLO — it becomes possible by controlling PFM/PLO in the 
range of desired to obtain desired CNR. 

[0033] By the way, the specification of the transmission quality in the same axle CATV about current and CNR 
is 42dB or more. Moreover, if in charge of controlling the power ratios PFM/PLO actually, it is necessary to 
expect about **4dB of initial manufacture deflection to a design value about the power PFM of FM laser beam, 
and each power PLO of a local laser beam. Therefore, if it thinks in consideration of these conditions based on 
the property shown in drawing 3 (a) and drawing 3 (b), in order to acquire the property of CNR which is the 
stable quality and satisfies 42dB or more of specification of the transmission quality, it is desirable to control the 
ratio of PFM/PLO to -8<PFM/PLO<8[dB]. 

[0034] Next, other operation gestalten by this invention of the AM/FM converter 1 1 of the lightwave signal 
transmission equipment shown in drawing 1 (a) and drawing 1 (b) are explained to the drawing 2 (a) list with 
reference to drawing 4 - drawing 8. In the optical frequency modulation section 1 1 1 shown in drawing 1 (b) 
mentioned above, the optical frequency modulation is applied to FM laser beam outputted by changing the inrush 
current of the FM laser 111-1 constituted by semiconductor laser according to an input signal. However, in an 
optical heterodyne output, since optical intensity modulation also starts FM laser beam by change of an inrush 
current in this case, as shown in the electric package FM modulating-signal spectrum of drawing 2 (a), an AM 
component will be simultaneously intermingled not only in FM component. On the other hand, it is ideal FM 
modulation that the spectrum becomes a symmetry form focusing on an intermediate frequency (the example of 
drawing 2 (a) 1.75GHz) about FM modulation component. However, since not only frequency modulation but 
intensity modulation starts FM laser beam simultaneously actually, a spectrum becomes unsymmetrical. 
Moreover, there is fluctuation in the amplitude of FM laser beam or a local laser beam, and since these will 
become distortion and a noise if it gets over by FM recovery section 32, they have a possibility of becoming the 
cause by which image quality makes it deteriorate. Moreover, since fluctuation of the optical frequency of FM 
laser beam and fluctuation of the optical frequency of a local laser beam will also become a noise too if it gets 
over by FM recovery section 32, they have a possibility of becoming the cause by which image quality 
deteriorates. Then, the operation gestalt by this invention shown below aims at the cure, and makes possible a 
quality signal transmission with still few distortion and noises. 

[0035] Drawing 4 shows other operation gestalten by this invention of AM / FM converter 1 1 shown in drawing 1 
(a). The same sign is attached to the same thing as the configuration shown in drawing 1 (a) or drawing 1 (b) in 
drawing 4. In addition, in other operation gestalten shown below, the same sign is similarly attached to the same 
configuration. AM/FM converter 1 1 B shown in this drawing Differential distributor 11B-1 which 180 degrees of 
phases of an input AM video signal are changed, and distributes them, Amplitude regulator 1 1B-2 which input 
one electrical signal between two outputs of differential distributor 1 1 B-1 , and adjust the amplitude, It newly has 
inphase composition machine 11B-4 which are in phase and compound time delay regulator 11B-3 which give 
delay to the output electrical signal of amplitude regulator 1 1B-2, the output electrical signal of time delay 
regulator 1 1B-3, and the electric package FM modulation component based on the output of another side of 
differential distributor 11 B-1. In AM/FM converter 11B, differential distributor 11 B-1 distributes a phase for AM 
video signal due to an opposite phase (0 degree and 180 degrees), one output (phase; 0 degree) is inputted into 
the FM laser 111-1, and the output is supplied to the optical-heterodyne-detection section 112. The optical- 
heterodyne-detection section 112 carries out optical heterodyne detection of the inputted lightwave signal, 
further, by PD 1 12-3, is changed into an electrical signal and outputs a frequency modulation signal. Inphase 
composition of the electrical signal outputted from PD 1 12-3 and the electrical signal based on another output 
(phase; 180 degrees) of differential distributor 1 1 B— 1 is carried out by inphase composition machine 1 1B-4. At 
this time, amplitude adjustment is carried out by amplitude regulator 1 1 B-2, and time delay adjustment of the 
electrical signal inputted into inphase composition machine 11B-4 from phase the side of 180 degrees is further 
carried out by time delay regulator 1 1B-3 so that the AM component of optical frequency modulating-signal light 
and the amplitude of tales doses may make an opposite phase. Therefore, each input signal of inphase 
composition machine 11B-4 offsets each AM component in inphase composition machine 11B-4. The spectrum 
of the output of PD 1 12-3 was shown in (1), and the spectrum of the output of time delay regulator 1 1B~3 was 
shown in (2) among drawing. In addition, although the configuration which distributes an opposite phase 
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component and performs inphase composition was shown, it can be in phase, can distribute and can also change 
into the configuration which performs differential composition here. This modification is possible similarly in the 
operation gestalt shown in drawing 7 described later or drawing 1 1 . 

[0036] the ratio of the power PFM of signal light (FM laser beam) and the power PLO of a local laser beam which 
are inputted into the optical/electrical converter 1 12-3 in AM/FM converter 1 1B shown in drawing 4 with 
reference to drawing 5 (a) and drawing 5 (b) here — with PFM/PLO When it restores to an electric package 
conversion FM signal in the output terminal of inphase composition machine 11B-4 The relation between the 
secondary compound distortion of a ** AM video signal (CSOiComposite Second-Order Distortion) and 3rd 
compound distortion (CTB:Composite Triple Beat Distortion) is explained. 

[0037] As for measured value in case it is 2.75GHz, the center frequency, i.e., the intermediate frequency, of FM 
signal spectrum, and drawing 5 (b), drawing 5 (a) shows the measured value in 3.85GHz, respectively. And both of 
the drawings show the transmission characteristic of 20 channels. In drawing 5 (a) and 5 (b), the property shown 
as a continuous line is the property of the AM/FM converter 1 1 shown in drawing 1 (b), and the property shown 
with a broken line is the property of AM/FM converter 1 1 B shown in drawing 4. In addition, frequency deviation 
deltaf per channel is 220MHzO-p/ch and 280MHzO-p/ch, respectively, when intermediate frequencies are 
2.75GHz and 3.85GHz. Thus, according to the configuration shown in drawing 4, by the case where it is shown in 
drawing 5 (a), CSO can be improved by removing AM component, not changing the value of PFM/PLO, as an 
arrow head shows. Moreover, in the case of drawing 5 (b), both CSO and CTB can be improved, not changing the 
value of PFM/PLO, as an arrow head shows. Therefore, it is possible to improve both CNR and distortion (CSO, 
CTB) by applying AM component clearance and the control of the predetermined range of an optical power ratio 
mentioned above. 

[0038] Drawing 6 is the block diagram showing other configurations of the operation gestalt for carrying out AM 
component clearance like AM/FM converter 1 1B explained with reference to drawing 4. Optical-heterodyne- 
detection section 112C consists of AM/FM converter 1 1 C shown in drawing 6 using optical/electrical converter 
112C-3 considered as the balance DORESHIBA configuration. In optical-heterodyne-detection section 112C, 
optical/electrical converter 112C-3 consist of two PDs which corresponded, and the optical path length from 
the optical multiplexing machine 112-2 to two PDs is in agreement. In this case, in optical/electrical converter 
1 12G-3, the amount of on-the-strength strange preparation is in phase, it is received, and a frequency 
modulation component is received by the opposite phase. Since optical/electrical converter 112C-3 are 
constituted so that each polarity of two PDs may become reverse mutually, a part for on-the-strength strange 
preparation is offset, and a frequency modulation component is added there. 

[0039] In this case, one of the features of considering as a balance DORESHIBA configuration is the point which 
can also offset a part for a part for the on-the-strength strange preparation of FM laser beam, and the on-the- 
strength strange preparation of not only fluctuation on the strength but a local laser beam, and fluctuation on 
the strength. Another features are that it uses both of the outputs of the optical multiplexing machine 1 12-2 
which consists of a directional coupler. Since according to this a frequency modulation component is added as 
mentioned above, optical power can be used effectively. In addition, balance DORESHIBA is explained to the 
following reference Kiyoshi Nosu, Katsushi Iwashita, and Nori Shibata, Masao Kawachi, Hiromu Toba, Osamu 
Ishida, Takeshi Ito, and Kyo Inoue, "Coherenct Lightwave Communications Technology", pp. 76-79, Chapman & 
Hall, London, and 1995 in detail, for example. 

[0040] When the configuration of drawing 4 is compared with the configuration of drawing 6, the configuration of 
drawing 4 has the advantage of being cheap, compared with the configuration of drawing 6 which used balance 
DORESHIBA. All of differential distributor 11B-1 used, amplitude regulator 11B-2, and time delay regulator 11B~ 

3 should just operate below the more than frequency of a multi-channel video signal, for example, 0MHz, and 
350MHz, and it is because the electronic parts used are cheap. Although it is inphase composition machine 11B- 

4 used as high frequency (frequency of a package FM signal), it is cheap too that is not uniquely cheap, if 
compared with balance DORESHIBA. On the other hand, since the optical/electrical converters (PD) which 
operate by the RF are 2 need, balance DORESHIBA becomes expensive as compared with the configuration 
shown in drawing 4. In the conventional lightwave signal transmission system, across the long optical 
transmission line, the optical transmitting section (configuration corresponding to SLT1 shown in drawing 1 (a)) 
and an optical receive section (configuration corresponding to ONU3 shown in drawing 1 (a)) separate, and are 
usually established. It is desirable to perform optical heterodyne detection with such a configuration only using 
the lightwave signal which has passed through the long optical transmission line in an optical receive section. In 
such a configuration, balance DORESHIBA is used in order to acquire a quality recovery signal. 
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[0041] On the other hand, AM component clearance of the configuration of drawing 4 is carried out using the 
output-of an optical/electrical converter 1 12-3, and the electrical signal based on the modulating signal of the 
FM laser 111-1. When it is going to adopt this configuration, in the conventional configuration, it will be 
necessary to lay the signal-transmission way for AM components independently, or to install new equipment in a 
receive section. Since each components 1 12-10,1 12-2,1 12-3 of all that constitute the FM laser 111-1 and the 
optical-heterodyne-detection section 1 12 from a configuration of AM/FM converter 1 1 B shown in drawing 4 by 
this invention are installed in SLT1 of a transmitting side and it is in point-blank range, it is possible to 
compound the electrical signal and the output electrical signal of the optical-heterodyne-detection section 112 
which distributed the input to the FM laser 111-1 with a simple configuration. Therefore, it is possible to employ 
efficiently the advantage of being cheaper than the configuration using difficult balance DORESHIBA, with the 
conventional configuration. 

[0042] On the other hand, the advantage of the configuration using balance DORESHIBA shown in drawing 6 is 
the point that the component on the strength which can be offset can contain not only the thing of FM laser but 
the thing of local laser. However, since the distance between the FM laser 111-1 and PD 1 12-3 can make low 
local oscillation light power ( output of the local laser 112-2) also in a configuration like drawing 4 about this 
point when it be comparatively short, it be expectable by make small effect of fluctuation on the strength of a 
local laser beam to acquire the same property as the case where balance DORESHIBA be use. 
[0043] Next, other modifications of AM/FM converter 1 1B shown in drawing 4 with reference to drawing 7 are 
explained. In addition to each configuration of differential distributor 11B-1 with which AM/FM converter 1 1 B 
shown in drawing 4 is equipped, amplitude regulator 1 1B-2, time delay regulator 1 1B-3, and the optical- 
heterodyne-detection section 112, AM/FM converter 1 1 D shown in drawing 7 has optical intensity modulator 
1 1C-6 which newly carry out optical intensity modulation of the FM laser beam with the output of time delay 
regulator 11B-3. With this operation gestalt, the input of the FM laser 111-1 is dichotomized at 0 degree and 
180 degrees by actuation distributor 11B-1, intensity modulation of the lightwave signal by the side of 0 degree 
is carried out using the signal by the side of 180 degrees, and an AM component is offset. 

[0044] Drawing 8 is the block diagram showing other modifications of AM/FM converter 1 1B shown in drawing 4. 
In AM/FM converter 1 1 E shown in drawing 8 The output of the FM laser 111-1 The output of amplitude 
controller 1 1C-3 which adjust the amplitude and time delay of PD11C-2 which change one dichotomous output 
light of optical turnout 110-1 and optical turnout 11C-1 into an electrical signal, and the output electrical signal 
of those and time delay regulator 11C-4, and time delay regulator 11C-4 Phase-inverter 11C-5 to reverse and 
optical intensity modulator 1 1C-6 which carry out optical intensity modulation of another output light of optical 
turnout 1 10-1 with the output of phase-inverter 1 1C-5 are newly prepared. And in AM/FM converter 1 1E, the 
output light of optical intensity modulator 11C-6 was detected in the optical-heterodyne-detection section 112, 
and the electric package FM modulation component has been obtained. 

[0045] In AM/FM converter 1 1 E shown in drawing 8 The optical frequency modulating-signal light modulated by 
the input AM video signal in the FM laser 111-1 is dichotomized by optical turnout 11 0-1. By inputting into 
optical intensity modulator 11C-6 by the opposite phase eventually, and carrying out intensity modulation of 
other output light of optical turnout 1 1C-1, after inputting one side into optical intensity modulator 1 1C-6 and 
changing another side into an electrical signal by PD1 1C-2 The AM component of the output light of optical 
intensity modulator 1 1C-6 is offset. In this case, in amplitude regulator 11C-3 and time delay regulator 1 1C-4, 
the amplitude and phase of the electrical signal inputted into optical intensity modulator 11C-6 are adjusted so 
that an AM component may be offset and the spectrum of FM modulation component may serve as a symmetry 
form as much as possible focusing on an intermediate frequency. With the operation gestalt shown in drawing 7 
and drawing 8, an AM component is offset in the state of the lightwave signal which was sent out from the FM 
laser 111-1 with the output which carried out photo electric translation using PD like the operation gestalt 
shown in the configuration using balance DORESHIBA shown in drawing 6, or drawing 4 unlike having offset the 
AM component In a configuration of having been shown in the configuration using balance DORESHIBA or 
drawing 4, the AM component or the fluctuation on the strength which are included in an intermediate frequency 
cannot be offset. On the other hand, with the configuration of drawing 7 and drawing 8, since the AM component 
is offset in the phase of light, the fluctuation on the strength of an AM component or FM laser can be offset 
covering all the frequencies of the output of PD. It corrects, Since the configuration of drawing 7 and drawing 8 
cannot set off the local oscillation luminous-intensity fluctuation of the local laser 1 12-10 against there being an 
inclination which becomes expensive since components mark increase, about this point, it can be said that the 
direction of the operation gestalt shown in drawing 6 is excellent. 
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[0046] In addition, with the operation gestalt shown in drawing 8, although phase-inverter 1 1C~5 are used, since 
it can be made reversed with the polarity of PD1 1C-2, when it is made such, phase-inverter 1 1C-5 can be 
omitted. This is the same also with the operation gestalt shown in drawing 13 described later. 
[0047] Drawing 9 and drawing 10 are the block diagrams showing other operation gestalten of the lightwave 
signal transmission equipment by this invention. With the operation gestalt shown in drawing 9 and drawing 10, 
after superimposing a pilot signal on a broadband AM input signal, semi-conductor FM laser is modulated. And 
two band pass filter 1 1E-1 and 1 1E-2 extract FM modulating signal and the pilot signal which were acquired by 
optical heterodyne detection, and they carry out frequency-mixing by frequency mixer 1 1 E-3 further. According 
to the operation gestalt, the noise resulting from the fluctuation component of the frequency of semi-conductor 
FM laser and the frequency fluctuation component of the laser for local oscillation is removable with this. As 
compared with the lightwave signal transmission equipment 100 shown in the lightwave signal transmission 
equipment 101 shown in drawing 9 at drawing 1, the multiplexing machine 5 which carries out frequency multiplex 
[ of the pilot signal with which frequencies differ in AM video signal ] is newly formed. The output of this 
multiplexing machine 5 is inputted into SLT1F. In addition, about offset of the fluctuation component by using a 
pilot signal, it is advocated with the following reference [referencerY.H.Cheng, T.Okoshi, "Phase-noise-cancelling 
dual-frequency heterodyne optical fibre communication system", Electronics Letter, vol.25, no.13, pp.835-836, 
and 1989.]. 

[0048] Here, the detail of actuation of AM/FM converter 1 1K is explained using drawing 14. Drawing 14 shows 
the spectrum in (G) from each part (A) in each operation gestalt shown in drawing 10 and drawing 1 1 mentioned 
later, drawing 12, and drawing 13. In drawing 9, the multiplexing machine 5 carries out frequency multiplex [ of 
the pilot signal ] to AM video signal. Here, it is assumed that it is that from which the electrical signal with which 
frequency multiplex [ of AM video signal with a frequency of 90MHz - 450MHz and the frequency fp=2.1GHz pilot 
signal ] was carried out is acquired as an output (A) of the multiplexing machine 5 as an example ((A) of drawing 
14). The optical frequency modulation section 1 1 1 shown in drawing 10 outputs the optical frequency modulating 
signal which carries out optical FM modulation of the FM laser 111-1 according to the inrush current according 
to the electrical signal (A) inputted from the multiplexing machine 5, for example, sets center frequency ft to 

193.006.1 GHz ((B) of drawing 14). In the output (B) of the optical frequency modulation section 111, the 
frequency component which fluctuation **f1 by the FM laser 111-1 generated to the intermediate frequency f1 
of FM modulating signal, and the lightwave signal containing frequency component f1 **fp (193,004. 0 GHz and 

193.008.2 GHz) of a pilot signal which has fluctuation **f1 similarly again appear. 

[0049] It uses the local oscillation light (C) from the optical frequency local oscillator 1 12-1 shown in (C) of 
drawing 14, and the optical-heterodyne-detection section 1 12 (may be local oscillation optical frequency 
f2=193,000GHz here) by considering optical frequency modulating-signal light (B) from the optical frequency 
modulation section 111 as an input, and the electrical signal which detected by performing optical heterodyne 
detection is outputted from an optical/electrical converter 112-3. (D) of drawing 14 shows the spectrum of 
electric FM package modulation component (D) outputted from an optical/electrical converter 112-3. Since the 
output of the optical frequency local oscillator 112-1 is the local oscillation light of the local laser 112-10 and 
the oscillation frequency f2 has become what swung by fluctuation component **f2 Electric FM package 
modulation component (D) becomes what swung by fluctuation **f (=**f 1 +**f2) further from the main oscillation 
frequency f1 of the FM laser 111-1 about the center frequency as f1-f2 which subtracted the local oscillation 
frequency f2. Moreover, electric FM package modulation component (D) contains the frequency component of 
f1-f2**fp by the pilot signal simultaneously. In this case, electric FM package modulation component (D) serves 
as a signal containing each frequency component (center frequency fl-f2=6.1GHz, fl-f2**fp=8.2GHz by the pilot 
signal, and 4.0GHz). 

[0050] The fluctuation of the optical frequency of optical frequency modulating-signal light (B) and local 
oscillation light (C) is changed into fluctuation of an electrical signal (D) as it is. Moreover, fluctuation of the 
electric frequency of a package FM modulation component and the fluctuation of the electric frequency of a 
pilot signal become identitas (**f=**f1 +**f2). The results of having taken out the package FM modulation 
component (D) and a round wave number component of a pilot signal using band pass filter 11E-1 and 11E-2, 
respectively are (E) of drawing 14, and (F). If frequency-mixing of these is carried out by frequency mixer 1 1 E-3, 
the electrical signal (G) which makes center frequency against which the fluctuation component was set off the 
frequency fp of a pilot signal can be taken out from frequency mixer 1 1 E-3 ((G) of drawing 14). 
[0051] Drawing 1 1 is the block diagram showing another configuration of AM/FM converter 1 1K in SLT1F shown 
in drawing 9. In AM/FM converter 1 1F, the signal which superimposed the pilot signal on AM image input signal 
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by differential distributor 1 1 B— 1 Distribute a phase due to an opposite phase (0 degree and 180 degrees), and 
the output (phase; 0 degree) of one of these is inputted into the optical frequency modulation section 111. 
Inphase composition of another [ the electrical signal outputted from the optical-heterodyne-detection section 
1 12 and ] output (phase; 180 degrees) of differential distributor 1 1 B~1 is carried out by inphase composition 
machine 1 1B-4. The output by which inphase composition was carried out dichotomizes and is divided into FM 
signal modulation component and a pilot signal by two band pass filter 1 1E-1 and 1 1E-2, respectively. 
Frequency-mixing of these [ which were separated ] two electrical signals is carried out by the multiplier in E- 
frequency mixer 113. As mentioned above, fluctuation of the optical frequency of optical frequency modulating- 
signal light and local oscillation light is offset by performing frequency-mixing. According to AM/FM converter 
1 1 F shown in drawing 1 1 , the clearance effectiveness of the fluctuation component by using a pilot signal and 
the effectiveness of offset of the same AM component as the operation gestalt shown in drawing 4 can be 
doubled and acquired. 

[0052] Drawing 12 is drawing showing other operation gestalten of AM/FM converter 1 1 K shown in drawing 9. 
AM/FM converter 1 1G shown in drawing 12 are equipped with the optical frequency modulation section 1 1 1 and 
optical-heterodyne-detection section 112C which are constituted like AM/FM converter 11C shown in drawing 
6, and prepare frequency mixer 1 1E-3 which mix band pass filter 1 1E-2 and those outputs for extracting band 
pass filter 1 1E-1 and the pilot signal for newly extracting FM modulating-signal component. In AM/FM converter 
1 1G, the FM laser 111-1 is modulated with the electrical signal which superimposed the pilot signal on AM image 
input signal. And by balance DORESHIBA 112C-3, optical heterodyne detection of the output light of the FM 
laser 111-1 is carried out, it dichotomizes, the detection output is inputted into two band pass filter 1 1E-1 and 
11E-2, and it separates into FM signal modulation component and a pilot signal. Frequency-mixing of these 
[ which were furthermore separated ] two electrical signals is carried out by frequency mixer 1 1 E-3, and 
fluctuation of the optical frequency of optical frequency modulating-signal light and local oscillation light is 
offset. According to the operation gestalt shown in this drawing, the effectiveness which offsets the same part 
for the on-the-strength strange preparation of FM laser beam and fluctuation on the strength as the clearance 
effectiveness of the fluctuation component by using a pilot signal and the operation gestalt shown in drawing 6, 
and a part for the on-the-strength strange preparation of a local laser beam and fluctuation on the strength can 
be doubled and acquired. 

[0053] Drawing 13 is drawing showing other operation gestalten of AM/FM converter 11K shown in drawing 9. 
AM/FM converter 1 1 H shown in drawing 13 modulate the FM laser 111-1 with the electrical signal which 
superimposed the pilot signal on AM image input signal. It dichotomizes by optical turnout 1 1C-1, and one side is 
inputted into optical intensity modulator 11C-6, and another side is inputted into PD11C-2, and the optical 
frequency modulating-signal light outputted from the FM laser 111-1 is changed into an electrical signal, and is 
further inputted into optical intensity modulator 1 1C-6 by the opposite phase through amplitude regulator 1 1C- 
3, time delay regulator 11C-4, and phase-inverter 11C-5. By carrying out intensity modulation of the lightwave 
signal inputted into optical intensity modulator 1 1C-6 with the electrical signal outputted from phase-inverter 
1 1C-5, the AM component in the output light of optical intensity modulator 1 1C-6 is offset. It dichotomizes, the 
detection output (D) which carried out optical heterodyne detection of this output light of optical intensity 
modulator 11C-6 is inputted into two band pass filter 11E-1 and 11E-2, and it separates into FM signal 
modulation component (E) and a pilot signal (F). And frequency-mixing of these [ which were separated ] two 
electrical signals is carried out by frequency mixer 1 1E-3, and fluctuation of the optical frequency of optical 
frequency modulating-signal light and local oscillation light is offset. According to the operation gestalt shown in 
drawing 13, the clearance effectiveness of the fluctuation component by using a pilot signal and the 
effectiveness which offsets the fluctuation on the strength of the same AM component as the operation gestalt 
shown in drawing 8 or FM laser can be doubled and acquired. 

[0054] Each operation gestalt of this invention mentioned above, without being restricted to the above- 
mentioned gestalt in addition, for example, as other operation gestalten It changes to AM/FM converter 1 1 K 
shown in drawing 9. It is possible to use the configuration which adds band pass filter 1 1 E— 1 as further shown in 
the output of the optical/electrical converter 112-3 of AM/FM converter 11D shown in drawing 7 drawing 11 - 
1 3 and 1 1 E-2, and frequency mixer 1 1 E-3 etc. 

[0055] Next, with reference to drawing 15 (a) and drawing 15 (b), other operation gestalten of the lightwave 
signal transmission equipment by this invention are explained. The lightwave signal transmission equipment 102 
shown in drawing 15 (a) consists of the PURIDISU torsion circuit 6 established in the preceding paragraph of 
SLT1 J, SLT1J, an optical transmission line 2, an attenuator 7, ONU3J, and a television set 4. SLT1 J consist of 
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AM/FM converter 1 1 J, semiconductor laser 12, such as a DFB laser, and light amplifiers 13, such as erbium 
dope frber amplifier. ONU3J consist of FM recovery section 32J with the optical photo detectors 31, such as 
APD. In addition, AM/FM converter 11 J and FM recovery section 32 J are constituted like the operation gestalt 
explained with reference to each drawing mentioned above like the AM/FM converter 11 shown in drawing 1, and 
FM recovery section 32. In the lightwave signal transmission equipment 102 shown in drawing 15 (a), distortion is 
offset by compounding beforehand the distortion of the amount and tales doses of distortion carrying out 
distortion compensation in the PURIDISU torsion circuit 6 in a latter circuit by the opposite phase. The 
PURIDISU torsion circuit 6 can consist of FET amplifier etc. that what is necessary is just to operate by the 
frequency band of AM video signal, for example, 90MHz, to 280MHz rather than to operate to broadband FM 
signal. 

[0056] Drawing 15 (b) is the block diagram showing the example of 1 configuration of the PURIDISU torsion 
circuit 6. The PURIDISU torsion circuit 6 shown in drawing 15 (b) consists of a turnout 61, the distortion 
generating circuit 62, an adjustable attenuator 63, the adjustable delay line 64, and a multiplexing machine 65. 
The inputted multi-channel AM video signal dichotomizes by the turnout 61, and is inputted into the distortion 
generating circuit 62 as the noninverting input of the multiplexing machine 65. The distortion generating circuit 
62 gives a predetermined distortion to an input signal, and the adjustable attenuator 63 and the adjustable delay 
line 64 adjust the reinforcement and the phase of a signal further. And the signal outputted from the adjustable 
delay line 64 is inputted into the reversal input of the multiplexing machine 65, and it is multiplexed with another 
[ which branched by the turnout 61 ] signal. 

[0057] The operation acquired by the PURIDISU torsion circuit 6 mentioned above is compensating distortion 
produced in AM/FM converter 1 1 J. However, by changing distortion which the PURIDISU torsion circuit 6 gives 
to an input signal, it can also compensate including distortion further produced in FM recovery section 32 J of 
ONU3J, and it is also possible to include and compensate even distortion further produced by the optical-fiber- 
transmission way 2. In addition, as a factor of distortion produced in AM/FM converter 11 J, the nonlinearity in 
the dynamic characteristics of the input current pair output optical frequency property of FM laser can be 
considered. Moreover, the group-delay deflection of the electric amplifier used in AM/FM converter 1 1 J is 
considered as other factors. On the other hand, as distortion produced in FM recovery section 32J in ONU3J, 
the group-delay deflection of the electric amplifier which constitutes it is the factor whose number is one, and 
the nonlinearity of the input frequency pair output voltage property of FM recovery section 32J is also further 
considered as other factors. Moreover, as a factor of distortion produced by the optical-fiber-transmission way 
2, distribution of the optical fiber for transmission is one factor. Therefore, what is necessary is for distortion 
given to an input signal in the PURIDISU torsion circuit 6 to search for these factors beforehand by count or 
experiment, and to change it suitably according to other factors, such as an input signal and temperature, if 
needed further, to set up and just to adjust it so that it may be compensated. 

[0058] In addition, although this operation gestalt explained the multi-channel AM video signal as an input signal, 
it can explain similarly the multi-channel QAM video signal by which frequency division multiplex was carried out 
as an input. Moreover, the analog except a video signal or digital one can explain a broadband electrical signal 
similarly as an input. 

[0059] In addition, although it has inputted into ONU3J with the operation gestalt shown in drawing 15 (a) after it 
outputs after forming the erbium dope fiber amplifier 13 in the output stage of SLT1 J and amplifying the output 
light of DFB laser 12, and making it decrease with an attenuator 7, arrangement or the number of amplifier or an 
attenuator do not need to be limited to the mode of this operation gestalt. Moreover, omitting suitably is 
possible. 

[0060] Next, other operation gestalten of the AM/FM converter by this invention are explained with reference to 
drawing 16 (a) and drawing 16 (b). Drawing 16 (a) and drawing 16 (b) show the block diagram of the AM/FM 
converter as a modification of the AM/FM converter 1 1 shown in drawing 1 (b), respectively. The operation 
gestalt shown in drawing 16 (a) and drawing 16 (b) is characterized by reducing the optical frequency fluctuation 
of an electric package FM signal by AFC (Auto Frequency Controller: automatic frequency control circuit)202. 
Optical frequency fluctuation results from fluctuation of the oscillation optical frequency of the FM laser 111-1, 
and fluctuation of the oscillation optical frequency of the local laser 112-10. A low pass filter 201 extracts the 
fluctuation component of the optical frequency of the low frequency within FM recovery signal inputted through 
PD204, FM recovery section 203, and AFC202. In this case, the input light of PD204 is taken out from one 
outgoing end of the vacant (it does not connect with PD 112-3) optical turnout 112-2. According to the 
fluctuation component extracted with the low pass filter 201, the negative feedback control of the optical 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2006/08/01 



JP,3371355,B [DETAILED DESCRIPTION] 



12/13 ^— v 



frequency of the FM laser 111-1 (in the case of drawing 1 6 (a)) or the local laser 1 1 2-1 0 (in the case of drawing 
16 (b)) is carried out. As an approach of carrying out a negative feedback control, there is a method of changing 
the inrush current to the FM laser 111-1 or the local laser 1 12-10 or a method of changing the temperature. 
[0061] In addition, although this operation gestalt explained the multi-channel AM video signal as an input signal, 
it can explain similarly the multi-channel QAM video signal by which frequency division multiplex was carried out 
as an input. Moreover, . analog except a video signal or digital one can explain a broadband electrical signal 
similarly as an input. According to this operation gestalt shown in drawing 16 (a) and drawing 16 (b), the noise 
generated by optical frequency fluctuation of FM signal which carried out package conversion can be reduced. 
[0062] In addition, each operation gestalt explained with reference to drawing 15 (a) and drawing 15 (b) or 
drawing 16 (a), and drawing 16 (b) The AM/FM converters 11L, 11M, 11N, and 110 shown in drawing 17, drawing 
18, drawing 19, and drawing 20, for example, without being limited to the combination shown in those drawings, It 
is possible to combine with the lightwave signal transmission equipment or the AM/FM converter explained with 
reference to drawing 1 - drawing 14 suitably. In addition, the same sign as what was used with the above- 
mentioned operation gestalt is attached to each component shown in drawing 17 - drawing 20, and explanation is 
omitted. 

[0063] Moreover, it is possible to combine the configuration which removes an unnecessary component on the 
strength using the signal with which drawing 4, drawing 6, and drawing 7 differ from a phase as shown in drawing 
8 in addition to this, and the configuration which offsets frequency fluctuation using a pilot signal as shown in 
drawing 10 - drawing 13, and to combine with them the configuration which reduces distortion by the PURIDISU 
torsion circuit further shown in drawing 15 (a) and drawing 15 (b). Moreover, it is possible to combine the 
configuration which removes an unnecessary component on the strength using the signal with which drawing 4, 
drawing 6, and drawing 7 differ from a phase as shown in drawing 8, and the configuration which reduces 
distortion by the PURIDISU torsion circuit shown in drawing 15 (a) and drawing 15 (b), and to combine with them 
the configuration which reduces optical frequency fluctuation by AFC further shown in drawing 16 (a) and 
drawing 16 (b). 
[0064] 

[Effect of the Invention] As explained above, according to this invention,-izing of the frequency band can be 
carried out [ broadband ] compared with the former, and the lightwave signal transmission equipment using the 
modulation-technique conversion circuit and it which make possible a quality signal transmission with few noises 
can be obtained. 

[0065] An optical frequency modulation means to input an electrical signal and to output in more detail the signal 
light which carried out the optical frequency modulation according to invention according to claim 1 to 3, The 
optical-heterodyne-detection section which outputs the modulating signal which inputted signal light and carried 
out frequency conversion to the intermediate frequency, Since it has an unnecessary on-the-strength 
component clearance means to remove AM component in the signal which generates an optical frequency 
modulation means generated in said optical frequency modulation means AM component intermingled in optical 
frequency modulating-signal light can be removed, and an intermediate frequency can be made into type FM 
modulated wave symmetrical as a core for the spectrum of FM modulation component. Moreover, the noise on 
the strength made from the amplitude fluctuation of optical frequency modulating-signal light or local oscillation 
light is removable. Moreover, the frequency fluctuation of FM modulation component produced from fluctuation 
of optical frequency modulating-signal light is removable. Moreover, although the optical transmission device by 
this invention is especially used for transmission of a multi-channel video signal and is effective, it may be used 
also for transmission of other signals and can make possible a quality signal transmission with few distortion and 
noises. 

[0066] Moreover, according to invention according to claim 4 to 6, the lightwave signal transmission equipment 

which can acquire the same effectiveness as it is obtained by invention according to claim 1 to 3 can be offered. 

[0067] 

[0068] 

[0069] 

[0070] 

[0071] 

[0072] 
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* NOTICES * 

JPO and NCiPi are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the modulation-technique conversion circuit and lightwave 
signal transmission equipment which are used for the optical transmission of a broadband signal. This invention 
relates to the modulation-technique conversion circuit and lightwave signal transmission equipment which were 
suitable for carrying out optical transmission of the multi-channel video signal by which frequency division 
multiplex is carried out, and by which amplitude modulation was carried out, and were suitable for using by the 
passive double star (PDS) light subscriber system especially in more detail. 
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PRIOR ART 



[Description of the Prior Art] In current and each country, researches and developments of the optical 
transmission method which changes and transmits a broadband electrical signal to a lightwave signal as an 
approach of transmitting a multi-channel video signal are furthered energetically. There is a method (henceforth 
an AM-TV transmission system) which carries out intensity modulation of the semiconductor laser to one of 
them in proportion to the amplitude of the multi-channel video signal by which amplitude modulation is carried 
out, and carries out optical transmission of the lightwave signal which carried out intensity modulation to it. The 
AM-TV transmission system is mainly used for the trunk system optical transmission of cable television. 
However, since an AM-TV transmission system has small noise proof stress, it has the technical problem that 
the large level difference between transmission and reception cannot be taken, and the large transmission 
distance and the optical large degree in an optical transmission system cannot be taken. 

[0003] In order to solve this technical problem, after carrying out the frequency modulation of the multi-channel 
video signal beforehand for every channel, the method (henceforth the FM-TV transmission system according to 
image channel individual) which carries out intensity modulation of the semiconductor laser, and carries out 
optical transmission was developed. Since the FM-TV transmission system according to image channel individual 
has large noise proof stress, it can take a transmission distance and an optical large degree in the big optical 
transmission system of the level difference between transmission and reception. However, by this method, since 
it must get over after choosing a channel, and a channel selection circuitry will become complicated in a 
broadband, the technical problem that a receiver will become expensive occurred. 

[0004] On the other hand, after the multi-channel video signal was put in block with many channels and carried 
out frequency modulation as a different thing from these, intensity modulation of the semiconductor laser was 
carried out, optical transmission of the modulating-signal light was carried out, and research and development in 
the method (henceforth a package FM-TV transmission system) to which bundles up by the receiving side and it 
restores to a multi-channel video signal was done. Since a package FM-TV transmission system has large noise 
proof stress, it can take a transmission distance and an optical large degree in an optical transmission system 
with the large level difference between transmission and reception. And although the signal by which optical 
transmission is carried out is a broadband, since channel selection can be carried out with the general-purpose 
tuner for cable television from the signal to which could restore in the easy circuit and it restored by using a 
high speed IC, a receiver can be constituted cheaply. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, according to this invention,-izing of the frequency band can be 
carried out [ broadband ] compared with the former, and the lightwave signal transmission equipment using the 
modulation-technique conversion circuit and it which make possible a quality signal transmission with few noises 
can be obtained. 

[0065] An optical frequency modulation means to input an electrical signal and to output in more detail the signal 
light which carried out the optical frequency modulation according to invention according to claim 1 to 3, The 
optical-heterodyne-detection section which outputs the modulating signal which inputted signal light and carried 
out frequency conversion to the intermediate frequency, Since it has an unnecessary on-the-strength 
component clearance means to remove AM component in the signal which generates an optical frequency 
modulation means generated in said optical frequency modulation means AM component intermingled in optical 
frequency modulating-signal light can be removed, and an intermediate frequency can be made into type FM 
modulated wave symmetrical as a core for the spectrum of FM modulation component. Moreover, the noise on 
the strength made from the amplitude fluctuation of optical frequency modulating-signal light or local oscillation 
light is removable. Moreover, the frequency fluctuation of FM modulation component produced from fluctuation 
of optical frequency modulating-signal light is removable. Moreover, although the optical transmission device by 
this invention is especially used for transmission of a multi-channel video signal and is effective, it may be used 
also for transmission of other signals and can make possible a quality signal transmission with few distortion and 
noises. 

[0066] Moreover, according to invention according to claim 4 to 6, the lightwave signal transmission equipment 

which can acquire the same effectiveness as it is obtained by invention according to claim 1 to 3 can be offered. 

[0067] 

[0068] 

[0069] 

[0070] 

[0071] 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, since the modulator which carries out the frequency 
modulation of the multi-channel video signal collectively is conventionally constituted using the voltage 
controlled oscillator (it is hereafter described as VCO), a limit is in the frequency band which can be modulated 
by the band limit of the input frequency of VCO. Since the input impedance of VCO generally becomes large in a 
RF, about 200MHz of the electrical signal which can be inputted into VCO is a limitation. Since it is restricted by 
the frequency (for example, 90MHz) of a radio broadcasting, the minimum of a frequency band usable to 
transmission of television broadcasting serves as a frequency band which can be used for transmission of an 
about 90-200MHz band of television broadcasting, when using VCO. For example, if transmission band width of 
face required for transmission per channel of television broadcasting is set to 6MHz, in using VCO, the number 
of the image channels which can be transmitted simultaneously will become about 20 channels. Furthermore, 
producing VCO which crosses to a large frequency band and maintains linearity also has a problem on 
production of being difficult. 

[0006] This invention was made under such a background, can carry out [ broadband ]-izing of the frequency 
band compared with the former, and aims at offering the lightwave signal transmission equipment using the 
modulation-technique conversion circuit and it which make possible a quality signal transmission with few 
distortion and noises. 
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MEANS 



[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention according 
to claim 1 An optical frequency modulation means to input an electrical signal and to output the signal light 
which carried out the optical frequency modulation, An optical frequency oscillation means to output said signal 
light and the local oscillation light of optical frequency which left only the predetermined intermediate frequency, 
It has an optical multiplexing means to multiplex said signal light and said local oscillation light, and a photo- 
electric-translation means to change and output the output of said optical multiplexing means to an electrical 
signal. The optical-heterodyne-detection section which outputs the modulating signal which inputted said signal 
light and carried out frequency conversion to said intermediate frequency, It has an unnecessary on-the- 
strength component clearance means to remove AM component in the signal which generates an optical 
frequency modulation means generated in said optical frequency modulation means. Said unnecessary on-the- 
strength component clearance means It is the modulation-technique conversion circuit characterized by 
consisting of a distribution means to distribute the electrical signal inputted into said optical frequency 
modulation means, and a multiplexing means to multiplex one of the outputs of said distribution means due to 
the output modulating signal of said optical-heterodyne-detection section, and an opposite phase. 
[0008] Moreover, an optical frequency modulation means to output the signal light which invention according to 
claim 2 inputted the electrical signal, and carried out the optical frequency modulation, An optical frequency 
oscillation means to output said signal light and the local oscillation light of optical frequency which left only the 
predetermined intermediate frequency, It has an optical multiplexing means to multiplex said signal light and said 
local oscillation light, and a photo-electric-translation means to change and output the output of said optical 
multiplexing means to an electrical signal. The optical-heterodyne-detection section which outputs the 
modulating signal which inputted said signal light and carried out frequency conversion to said intermediate 
frequency, It has an unnecessary on-the-strength component clearance means to remove AM component in the 
signal which generates an optical frequency modulation means generated in said optical frequency modulation 
means. Said unnecessary on-the-strength component clearance means It is the modulation-technique 
conversion circuit characterized by consisting of a distribution means to distribute the electrical signal inputted 
into said optical frequency modulation means, and an optical intensity modulation means which carries out 
intensity modulation of the output signal light of said optical frequency modulation means with one output of said 
distribution means. 

[0009] Moreover, an optical frequency modulation means to output the signal light which invention according to 
claim 3 inputted the electrical signal, and carried out the optical frequency modulation, An optical frequency 
oscillation means to output said signal light and the local oscillation light of optical frequency which left only the 
predetermined intermediate frequency, It has an optical multiplexing means to multiplex said signal light and said 
local oscillation light, and a photo-electric-translation means to change and output the output of said optical 
multiplexing means to an electrical signal. The optical-heterodyne-detection section which outputs the 
modulating signal which inputted said signal light and carried out frequency conversion to said intermediate 
frequency, It has an unnecessary on-the-strength component clearance means to remove AM component in the 
signal which generates an optical frequency modulation means generated in said optical frequency modulation 
means. Said unnecessary on-the-strength component clearance means Optical intensity modulation of one side 
of the output of a dichotomy means to dichotomize the output signal light of said optical frequency modulation 
means, and said dichotomy means is carried out. An optical intensity modulation means to supply the output 
which carried out optical intensity modulation to said optical-heterodyne-detection section, Another output of 
said dichotomy means is changed into an electrical signal, and it is the modulation-technique conversion circuit 
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characterized by consisting of an optical/electrical converter for inputting the changed electrical signal into said 
optical' intensity modulation means as a modulating signal by the opposite phase. 

[0010] Moreover, an optical frequency modulation means to output the signal light which invention according to 
claim 4 inputted the electrical signal, and carried out the optical frequency modulation, An optical frequency 
oscillation means to output said signal light and the local oscillation light of optical frequency which left only the 
predetermined intermediate frequency, It has an optical multiplexing means to compound said signal light and 
said local oscillation light, and the 1st photo-electric-translation means which changes and outputs the output of 
said optical multiplexing means to an electrical signal. The modulation-technique conversion circuit which 
consists of the optical-heterodyne-detection section which outputs the modulating signal which inputted said 
signal light and carried out frequency conversion to said intermediate frequency, The optical sending set which 
consists of a transmitting means to output the transmitting light which carried out intensity modulation with the 
output of said modulation-technique conversion circuit, In the lightwave signal transmission equipment which is 
connected to an optical transmission line and said optical sending set through said optical transmission line, and 
is equipped with the optical receiving set which consists of the 2nd photo-electric-translation means and a 
frequency recovery means which carries out the frequency recovery of the output of said 2nd photo-electric- 
translation means It has an unnecessary on-the-strength component clearance means to remove AM 
component in the signal which generates an optical frequency modulation means generated in said optical 
frequency modulation means. Said unnecessary on-the-strength component clearance means It is the lightwave 
signal transmission equipment characterized by consisting of a distribution means to distribute the electrical 
signal inputted into said optical frequency modulation means, and a multiplexing means to multiplex one of the 
outputs of said distribution means due to the output modulating signal of said optical-heterodyne-detection 
section, and an opposite phase. [001 1] Moreover, an optical frequency modulation means to output the signal 
light which invention according to claim 5 inputted the electrical signal, and carried out the optical frequency 
modulation, An optical frequency oscillation means to output said signal light and the local oscillation light of 
optical frequency which left only the predetermined intermediate frequency, It has an optical multiplexing means 
to compound said signal light and said local oscillation light, and the 1st photo-electric-translation means which 
changes and outputs the output of said optical multiplexing means to an electrical signal. The modulation- 
technique conversion circuit which consists of the optical-heterodyne-detection section which outputs the 
modulating signal which inputted said signal light and carried out frequency conversion to said intermediate 
frequency, The optical sending set which consists of a transmitting means to output the transmitting light which 
carried out intensity modulation with the output of said modulation-technique conversion circuit, In the lightwave 
signal transmission equipment which is connected to an optical transmission line and said optical sending set 
through said optical transmission line, and is equipped with the optical receiving set which consists of the 2nd 
photo-electric-translation means and a frequency recovery means which carries out the frequency recovery of 
the output of said 2nd photo-electric-translation means It has an unnecessary on-the-strength component 
clearance means to remove AM component in the signal which generates an optical frequency modulation means 
generated in said optical frequency modulation means. Said unnecessary on-the-strength component clearance 
means It is the lightwave signal transmission equipment characterized by consisting of a distribution means to 
distribute the electrical signal inputted into said optical frequency modulation means, and an optical intensity 
modulation means which carries out intensity modulation of the output signal light of said optical frequency 
modulation means with one output of said distribution means. 

[0012] Moreover, an optical frequency modulation means to output the signal light which invention according to 
claim 6 inputted the electrical signal, and carried out the optical frequency modulation, An optical frequency 
oscillation means to output said signal light and the local oscillation light of optical frequency which left only the 
predetermined intermediate frequency, It has an optical multiplexing means to compound said signal light and 
said local oscillation light, and the 1st photo-electric-translation means which changes and outputs the output of 
said optical multiplexing means to an electrical signal. The modulation-technique conversion circuit which 
consists of the optical-heterodyne-detection section which outputs the modulating signal which inputted said 
signal light and carried out frequency conversion to said intermediate frequency, The optical sending set which 
consists of a transmitting means to output the transmitting light which carried out intensity modulation with the 
output of said modulation-technique conversion circuit, In the lightwave signal transmission equipment which is 
connected to an optical transmission line and said optical sending set through said optical transmission line, and 
is equipped with the optical receiving set which consists of the 2nd photo-electric-translation means and a 
frequency recovery means which carries out the frequency recovery of the output of said 2nd photo-electric- 
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translation means It has an unnecessary on-the-strength component clearance means to remove AM 
component in the signal which generates an optical frequency modulation means generated in said optical 
frequency modulation means. Said unnecessary on-the-strength component clearance means Optical intensity 
modulation of one side of the output of a dichotomy means to dichotomize the output signal light of said optical 
frequency modulation means, and said dichotomy means is carried out. An optical intensity modulation means to 
supply the output which carried out optical intensity modulation to said optical-heterodyne-detection section, 
Another output of said dichotomy means is changed into an electrical signal, and it is the lightwave signal 
transmission equipment characterized by consisting of an optical/electrical converter for inputting the changed 
electrical signal into said optical intensity modulation means as a modulating signal by the opposite phase. [0013] 

[0014] 
[0015] 
[0016] 
[0017] 
[0018] 
[0019] 
[0020] 
[0021] 
[0022] 
[0023] 
[0024] 

[Embodiment of the Invention] As the example of 1 configuration is shown in drawing 1 (a) - drawing 1 (c), the 
lightwave signal transmission equipment with which this invention is applied extracts optical FM modulation 
component of the semi-conductor FM laser modulated with the broadband AM input signal as an electric FM 
modulation component by optical heterodyne detection, carries out intensity modulation of the light source for 
transmission, and transmits it to an optical transmission line. Drawing 1 (a) is the block diagram showing the 
whole lightwave signal transmission equipment 100 configuration. The lightwave signal transmission equipment 
100 consists of SLT (subscriber line terminal)1, an optical transmission line 2, ONU (optical network termination) 
3, and a television set 4. However, the television set 4 which receives AM video signal outputted from ONU3 can 
be transposed to devices, such as a video tape recorder which has a receive section. Furthermore, the 
configuration which does not contain a television set 4 can also be considered as one mode of the lightwave 
signal transmission equipment by this invention. In addition, the outline of such lightwave signal transmission 
equipment "Optical Super by the artificer of this application Wide-Band FM Modulation Scheme and Its 
Application to Multi-Channel AM Video Transmission Systems", International Conference on Integrated Optics It 
is indicated by and Optical Fibre Communication, IOOC-95, June 26-30, 1995, Technical Digest, and volume 5- 
Postdeadline Papers. 

[0025] SLT1 shown in drawing 1 (a) consists of an AM/FM (amplitude modulation/frequency modulation) 
converter 11 and DFB (distribution feedback) laser 12. SLT1 inputs and transmits collectively AM video signal of 
the many channels by which frequency division multiplex was carried out to up to an optical transmission line 2 
as an optical transmission signal by which intensity modulation was carried out with the multi-channel video 
signal changed and changed into FM video signal. An optical transmission line 2 transmits a lightwave signal using 
two or more optical fibers 22 connected to the branching output of an optical fiber 20, the optical star coupler 
21, and the optical star coupler 21 with the passive double star (PDS) method which enables the communication 
link of one-pair a large number. ONU3 receives and carries out photo electric translation of the optical 
transmission signal transmitted through an optical transmission line 2 by photo electric translation and the 
FM/AM converter 30, and restores to it and outputs it to AM video signal. A television set 4 receives AM video 
signal outputted from ONU3, and projects the image of the channel of the arbitration chosen by the user from 
multiple channels. 

[0026] Drawing 1 (b) is the block diagram showing the internal configuration of the AM/FM converter 1 1 shown 
in drawing 1 (a). The AM/FM converter 1 1 consists of the optical frequency modulation section 1 1 1 and the 
optical-heterodyne-detection section 112. The optical frequency modulation section 111 contains the semi- 
conductor FM laser 111-1. The optical-heterodyne-detection section 112 is equipped with the optical/electrical 
converter 112-3 which consists of the optical frequency local oscillator 112-1 and the optical multiplexing 
machine 1 12-2 which consist of semi-conductor local laser 112-10, and PD (photodiode). On the other hand, 
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photo electric translation and the FM/AM converter 30 consist of an optical/electrical converter 31 which 
consists of APD (ABARANSHU photodiode) as shown in drawing 1 (c), and the FM recovery section 32. FM 
recovery section 32 restores to FM electrical signal transformed into the electrical signal with the 
optical/electrical converter 31 to AM electrical signal by differentially coherent detection using the reversal 
non-inversed amplifier 32-1, the delay line 32-2, an exclusive "or" circuit 32-3, and a low pass filter 32-4. 
[0027] The lightwave signal transmission equipment shown in drawing 1 by the above configuration inputs into 
SLT1 AM video signal of the many channels by which frequency division multiplex was carried out, and carries 
out FM modulation of the semi-conductor FM laser 111-1 with this input signal. Using the optical frequency local 
oscillator 1 12-1 and the optical multiplexing machine 112-2, with an optical-heterodyne-detection technique, the 
optical-heterodyne-detection section 1 12 obtains an optical frequency modulation component from the output 
of the semi-conductor FM laser 111-1 modulated with the broadband AM input signal, it carries out photo 
electric translation with an optical/electrical converter 112-3 further, and it extracts an electric package FM 
modulation component. Intensity modulation of the light source for transmission using DFB laser 12 is carried 
out by the electric package FM modulation component outputted from an optical/electrical converter 112-3, and 
the lightwave signal by which intensity modulation was carried out is transmitted to an optical transmission line 
2. On the other hand, in a receiving side, photo electric translation of the optical transmission signal transmitted 
through an optical transmission line 2 is received and carried out with an optical/electrical converter 31 in 
ONU3. And in FM recovery section 32, it gets over to AM video signal by differentially coherent detection. 
[0028] The spectrum of the recovery multi-channel AM video signal to which bundles up an example of the 
spectrum of the electric package FM modulation component obtained by drawing 2 (a) as an output of the 
optical-heterodyne-detection section 1 12 by FM recovery section 32 to drawing 2 (b), and it restores is shown. 
Drawing 2 (a) shows the center frequency of the spectrum of an electric package FM modulation component, 
and the intermediate frequency shows the case of 1 .75GHz. Drawing 2 (b) shows the case where it restores to 
AM video signal of 40 channels. 

[0029] When applying the lightwave signal transmission equipment of a configuration of being shown in drawing 1 
(a) -1(c) to a cable television system, it becomes possible to put in block AM video signal of dozens of channels, 
to change into one FM signal, to send this out to an optical transmission line, to put this FM transmission signal 
in block by differentially coherent detection etc. by the receiving side, and to get over to a multi-channel AM 
video signal. That is, according to the above configuration, with the package FM-TV transmission system which 
used VCO conventionally, the signal transmission of the difficult wide band of realizing becomes possible. 
However, in order in using lightwave signal transmission equipment mentioned above to decrease a noise and to 
make a quality signal transmission possible, to adopt each configuration by this invention explained further below 
in addition to the above configuration is desired. 

[0030] In the package FM-TV transmission system with which the configuration shown in drawing 1 (a) and 
drawing 1 (c) is included, it turns out that the value of CNR (Carrier to Noise Ratio: carrier-to-noise ratio) 
obtained when it restores to the output signal in the photo electric translation in ONU3 and the output terminal 
(namely, output terminal of FM recovery section 32) of the FM/AM converter 30 to AM video signal is dependent 
on the number of channels to transmit. That is, CNR can be improved by reducing the number of channels. 
However, when the number of channels is reduced for the purpose of the improvement of CNR, the operation 
effectiveness of the signal transmission of the wide band obtained by the above-mentioned configuration is no 
longer employed fully efficiently. Therefore, a technique which can perform the improvement of CNR was desired, 
without reducing the number of channels. On the other hand, this invention sets it as the detailed object to offer 
the modulation-technique conversion circuit which can improve CNR, and lightwave signal transmission 
equipment, without reducing the number of channels, and offers the configuration for it. 
[0031] the ratio of the power PFM of the signal light (FM laser beam) inputted into an optical/electrical 
converter 1 12-3 in the optical-heterodyne-detection section 1 12 which shows drawing 3 (a) and drawing 3 (b) to 
drawing 1 (b), and the power PLO of the local oscillation light (local laser beam) outputted from the optical 
frequency local oscillator 1 12-1 — the relation of PFM/PLO and CNR when restoring to a modulating signal to 
AM video signal in the output terminal of the AM/FM converter 1 1 is shown. Here, drawing 3 (a) shows measured 
value in case it is 2.75GHz, the center frequency, i.e., the intermediate frequency, of FM signal spectrum, and, as 
for drawing 3 (b), shows the measured value in 3.85GHz. Both are the transmission characteristics of 20 
channels. Moreover, frequency deviation deltaf per channel is 220MHzO-p/ch and 280MHz0-p/ch, respectively, 
when intermediate frequencies are 2.75GHz and 3.85GHz. 

[0032] As shown in these drawings, CNR of AM video signal changes depending on the value of the ratios 
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PFM/PLO of the power PFM of FM laser beam, and the power PLO of a local laser beam. Furthermore, the 
relation between CNR and the power ratios PFM/PLO changes with the magnitude of an intermediate frequency. 
Moreover, as for CNR serving as max, drawing 3 (a) and drawing 3 (b) show that an optical power ratio is about 
OdB. therefore, the ratio of Power PFM and Power PLO — it becomes possible by controlling PFM/PLO in the 
range of desired to obtain desired CNR. 

[0033] By the way, the specification of the transmission quality in the same axle CATV about current and CNR 
is 42dB or more. Moreover, if in charge of controlling the power ratios PFM/PLO actually, it is necessary to 
expect about **4dB of initial manufacture deflection to a design value about the power PFM of FM laser beam, 
and each power PLO of a local laser beam. Therefore, if it thinks in consideration of these conditions based on 
the property shown in drawing 3 (a) and drawing 3 (b), in order to acquire the property of CNR which is the 
stable quality and satisfies 42dB or more of specification of the transmission quality, it is desirable to control the 
ratio of PFM/PLO to -8<PFM/PLO<8[dB]. 

[0034] Next, other operation gestalten by this invention of the AM/FM converter 1 1 of the lightwave signal 
transmission equipment shown in drawing 1 (a) and drawing 1 (b) are explained to the drawing 2 (a) list with 
reference to drawing 4 - drawing 8. In the optical frequency modulation section 1 1 1 shown in drawing 1 (b) 
mentioned above, the optical frequency modulation is applied to FM laser beam outputted by changing the inrush 
current of the FM laser 111-1 constituted by semiconductor laser according to an input signal. However, in an 
optical heterodyne output, since optical intensity modulation also starts FM laser beam by change of an inrush 
current in this case, as shown in the electric package FM modulating-signal spectrum of drawing 2 (a), an AM 
component will be simultaneously intermingled not only in FM component. On the other hand, it is ideal FM 
modulation that the spectrum becomes a symmetry form focusing on an intermediate frequency (the example of 
drawing 2 (a) 1.75GHz) about FM modulation component. However, since not only frequency modulation but 
intensity modulation starts FM laser beam simultaneously actually, a spectrum becomes unsymmetrical. 
Moreover, there is fluctuation in the amplitude of FM laser beam or a local laser beam, and since these will 
become distortion and a noise if it gets over by FM recovery section 32, they have a possibility of becoming the 
cause by which image quality makes it deteriorate. Moreover, since fluctuation of the optical frequency of FM 
laser beam and fluctuation of the optical frequency of a local laser beam will also become a noise too if it gets 
over by FM recovery section 32, they have a possibility of becoming the cause by which image quality 
deteriorates. Then, the operation gestalt by this invention shown below aims at the cure, and makes possible a 
quality signal transmission with still few distortion and noises. 

[0035] Drawing 4 shows other operation gestalten by this invention of AM / FM converter 1 1 shown in drawing 1 
(a). The same sign is attached to the same thing as the configuration shown in drawing 1 (a) or drawing 1 (b) in 
drawing 4. In addition, in other operation gestalten shown below, the same sign is similarly attached to the same 
configuration. AM/FM converter 1 1 B shown in this drawing Differential distributor 1 1B-1 which 180 degrees of 
phases of an input AM video signal are changed, and distributes them, Amplitude regulator 1 1B-2 which input 
one electrical signal between two outputs of differential distributor 11B-1, and adjust the amplitude, It newly has 
inphase composition machine 11B-4 which are in phase and compound time delay regulator 11 B-3 which give 
delay to the output electrical signal of amplitude regulator 1 1 B-2, the output electrical signal of time delay 
regulator 1 1B-3, and the electric package FM modulation component based on the output of another side of 
differential distributor 11B-1. In AM/FM converter 11B, differential distributor 11B-1 distributes a phase for AM 
video signal due to an opposite phase (0 degree and 180 degrees), one output (phase; 0 degree) is inputted into 
the FM laser 111-1, and the output is supplied to the optical-heterodyne-detection section 112. The optical- 
heterodyne-detection section 112 carries out optical heterodyne detection of the inputted lightwave signal, 
further, by PD 112-3, is changed into an electrical signal and outputs a frequency modulation signal. Inphase 
composition of the electrical signal outputted from PD 112-3 and the electrical signal based on another output 
(phase; 180 degrees) of differential distributor 11B-1 is carried out by inphase composition machine 11B-4. At 
this time, amplitude adjustment is carried out by amplitude regulator 1 1 B-2, and time delay adjustment of the 
electrical signal inputted into inphase composition machine 1 1 B-4 from phase the side of 180 degrees is further 
carried out by time delay regulator 1 1 B-3 so that the AM component of optical frequency modulating-signal light 
and the amplitude of tales doses may make an opposite phase. Therefore, each input signal of inphase 
composition machine 11B-4 offsets each AM component in inphase composition machine 11 B-4. The spectrum 
of the output of PD 1 1 2-3 was shown in (1), and the spectrum of the output of time delay regulator 1 1 B-3 was 
shown in (2) among drawing. In addition, although the configuration which distributes an opposite phase 
component and performs inphase composition was shown, it can be in phase, can distribute and can also change 
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into the configuration which performs differential composition here. This modification is possible similarly in the 
operation gestalt shown in drawing 7 described later or drawing 1 1 . 

[0036] the ratio of the power PFM of signal light (FM laser beam) and the power PLO of a local laser beam which 
are inputted into the optical/electrical converter 112-3 in AM/FM converter 1 1 B shown in drawing 4 with 
reference to drawing 5 (a) and drawing 5 (b) here — with PFM/PLO When it restores to an electric package 
conversion FM signal in the output terminal of inphase composition machine 1 1 B-4 The relation between the 
secondary compound distortion of a ** AM video signal (CSO:Composite Second-Order Distortion) and 3rd 
compound distortion (CTB:Composite Triple Beat Distortion) is explained. 

[0037] As for measured value in case it is 2.75GHz, the center frequency, i.e., the intermediate frequency, of FM 
signal spectrum, and drawing 5 (b), drawing 5 (a) shows the measured value in 3.85GHz, respectively. And both of 
the drawings show the transmission characteristic of 20 channels. In drawing 5 (a) and 5 (b), the property shown 
as a continuous line is the property of the AM/FM converter 11 shown in drawing 1 (b), and the property shown 
with a broken line is the property of AM/FM converter 1 1 B shown in drawing 4. In addition, frequency deviation 
deltaf per channel is 220MHzO-p/ch and 280MHzO-p/ch, respectively, when intermediate frequencies are 
2.75GHz and 3.85GHz. Thus, according to the configuration shown in drawing 4, by the case where it is shown in 
drawing 5 (a), CSO can be improved by removing AM component, not changing the value of PFM/PLO, as an 
arrow head shows. Moreover, in the case of drawing 5 (b), both CSO and CTB can be improved, not changing the 
value of PFM/PLO, as an arrow head shows. Therefore, it is possible to improve both CNR and distortion (CSO, 
CTB) by applying AM component clearance and the control of the predetermined range of an optical power ratio 
mentioned above. 

[0038] Drawing 6 is the block diagram showing other configurations of the operation gestalt for carrying out AM 
component clearance like AM/FM converter 1 1B explained with reference to drawing 4. Optical-heterodyne- 
detection section 112C consists of AM/FM converter 1 1 C shown in drawing 6 using optical/electrical converter 
112C-3 considered as the balance DORESHIBA configuration. In optical-heterodyne-detection section 112C, 
optical/electrical converter 112C-3 consist of two PDs which corresponded, and the optical path length from 
the optical multiplexing machine 1 12-2 to two PDs is in agreement. In this case, in optical/electrical converter 
1 12C-3, the amount of on-the-strength strange preparation is in phase, it is received, and a frequency 
modulation component is received by the opposite phase. Since optical/electrical converter 112C-3 are 
constituted so that each polarity of two PDs may become reverse mutually, a part for on-the-strength strange 
preparation is offset, and a frequency modulation component is added there. 

[0039] In this case, one of the features of considering as a balance DORESHIBA configuration is the point which 
can also offset a part for a part for the on-the-strength strange preparation of FM laser beam, and the on-the- 
strength strange preparation of not only fluctuation on the strength but a local laser beam, and fluctuation on 
the strength. Another features are that it uses both of the outputs of the optical multiplexing machine 1 12-2 
which consists of a directional coupler. Since according to this a frequency modulation component is added as 
mentioned above, optical power can be used effectively. In addition, balance DORESHIBA is explained to the 
following reference Kiyoshi Nosu, Katsushi Iwashita, and Nori Shibata, Masao Kawachi, Hiromu Toba, Osamu 
Ishida, Takeshi Ito, and Kyo Inoue, "Coherenct Lightwave Communications Technology", pp. 76-79, Chapman & 
Hall, London, and 1995 in detail, for example. 

[0040] When the configuration of drawing 4 is compared with the configuration of drawing 6, the configuration of 
drawing 4 has the advantage of being cheap, compared with the configuration of drawing 6 which used balance 
DORESHIBA. All of differential distributor 1 1 B— 1 used, amplitude regulator 11B-2, and time delay regulator 11B- 

3 should just operate below the more than frequency of a multi-channel video signal, for example, 0MHz, and 
350MHz, and it is because the electronic parts used are cheap. Although it is inphase composition machine 11B- 

4 used as high frequency (frequency of a package FM signal), it is cheap too that is not uniquely cheap, if 
compared with balance DORESHIBA. On the other hand, since the optical/electrical converters (PD) which 
operate by the RF are 2 need, balance DORESHIBA becomes expensive as compared with the configuration 
shown in drawing 4. In the conventional lightwave signal transmission system, across the long optical 
transmission line, the optical transmitting section (configuration corresponding to SLT1 shown in drawing 1 (a)) 
and an optical receive section (configuration corresponding to ONU3 shown in drawing 1 (a)) separate, and are 
usually established. It is desirable to perform optical heterodyne detection with such a configuration only using 
the lightwave signal which has passed through the long optical transmission line in an optical receive section. In 
such a configuration, balance DORESHIBA is used in order to acquire a quality recovery signal. 

[0041] On the other hand, AM component clearance of the configuration of drawing 4 is carried out using the 
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output of an opticai/electrical converter 112-3, and the electrical signal based on the modulating signal of the 
FM laser 111-1. When it is going to adopt this configuration, in the conventional configuration, it will be 
necessary to lay the signal-transmission way for AM components independently, or to install new equipment in a 
receive section. Since each components 1 1 2-1 0,1 1 2-2,1 1 2-3 of all that constitute the FM laser 111-1 and the 
optical-heterodyne-detection section 112 from a configuration of AM/FM converter 1 1 B shown in drawing 4 by 
this invention are installed in SLT1 of a transmitting side and it is in point-blank range, it is possible to 
compound the electrical signal and the output electrical signal of the optical-heterodyne-detection section 112 
which distributed the input to the FM laser 111-1 with a simple configuration. Therefore, it is possible to employ 
efficiently the advantage of being cheaper than the configuration using difficult balance DORESHIBA, with the 
conventional configuration. 

[0042] On the other hand, the advantage of the configuration using balance DORESHIBA shown in drawing 6 is 
the point that the component on the strength which can be offset can contain not only the thing of FM laser but 
the thing of local laser. However, since the distance between the FM laser 111-1 and PD 112-3 can make low 
local oscillation light power ( output of the local laser 112-2) also in a configuration like drawing 4 about this 
point when it be comparatively short, it be expectable by make small effect of fluctuation on the strength of a 
local laser beam to acquire the same property as the case where balance DORESHIBA be use. 
[0043] Next, other modifications of AM/FM converter 1 1B shown in drawing 4 with reference to drawing 7 are 
explained. In addition to each configuration of differential distributor 1 1 B— 1 with which AM/FM converter 1 1B 
shown in drawing 4 is equipped, amplitude regulator 1 1B-2, time delay regulator 1 1B-3, and the optical- 
heterodyne-detection section 112, AM/FM converter 1 1 D shown in drawing 7 has optical intensity modulator 
1 1C-6 which newly carry out optical intensity modulation of the FM laser beam with the output of time delay 
regulator 1 1B-3. With this operation gestalt, the input of the FM laser 111-1 is dichotomized at 0 degree and 
180 degrees by actuation distributor 11B-1, intensity modulation of the lightwave signal by the side of 0 degree 
is carried out using the signal by the side of 180 degrees, and an AM component is offset. 

[0044] Drawing 8 is the block diagram showing other modifications of AM/FM converter 1 1B shown in drawing 4. 
In AM/FM converter 1 1 E shown in drawing 8 The output of the FM laser 111-1 The output of amplitude 
controller 1 1C-3 which adjust the amplitude and time delay of PD1 1C~2 which change one dichotomous output 
light of optical turnout 11C-1 and optical turnout 11C-1 into an electrical signal, and the output electrical signal 
of those and time delay regulator 1 1C-4, and time delay regulator 1 1C-4 Phase-inverter 1 1C-5 to reverse and 
optical intensity modulator 1 1C-6 which carry out optical intensity modulation of another output light of optical 
turnout 1 1 C-1 with the output of phase-inverter 1 1 C-5 are newly prepared. And in AM/FM converter 1 1 E, the 
output light of optical intensity modulator 11C-6 was detected in the optical-heterodyne-detection section 112, 
and the electric package FM modulation component has been obtained. 

[0045] In AM/FM converter 1 1E shown in drawing 8 The optical frequency modulating-signal light modulated by 
the input AM video signal in the FM laser 111-1 is dichotomized by optical turnout 1 1C-1. By inputting into 
optical intensity modulator 1 1C-6 by the opposite phase eventually, and carrying out intensity modulation of 
other output light of optical turnout 1 1C-1, after inputting one side into optical intensity modulator 1 1C-6 and 
changing another side into an electrical signal by PD1 1C-2 The AM component of the output light of optical 
intensity modulator 1 1C-6 is offset. In this case, in amplitude regulator 1 1C-3 and time delay regulator 1 1C-4, 
the amplitude and phase of the electrical signal inputted into optical intensity modulator 11C-6 are adjusted so 
that an AM component may be offset and the spectrum of FM modulation component may serve as a symmetry 
form as much as possible focusing on an intermediate frequency. With the operation gestalt shown in drawing 7 
and drawing 8, an AM component is offset in the state of the lightwave signal which was sent out from the FM 
laser 111-1 with the output which carried out photo electric translation using PD like the operation gestalt 
shown in the configuration using balance DORESHIBA shown in drawing 6, or drawing 4 unlike having offset the 
AM component. In a configuration of having been shown in the configuration using balance DORESHIBA or 
drawing 4, the AM component or the fluctuation on the strength which are included in an intermediate frequency 
cannot be offset. On the other hand, with the configuration of drawing 7 and drawing 8, since the AM component 
is offset in the phase of light, the fluctuation on the strength of an AM component or FM laser can be offset 
covering all the frequencies of the output of PD. It corrects, Since the configuration of drawing 7 and drawing 8 
cannot set off the local oscillation luminous-intensity fluctuation of the local laser 1 12-10 against there being an 
inclination which becomes expensive since components mark increase, about this point, it can be said that the 
direction of the operation gestalt shown in drawing 6 is excellent. 

[0046] In addition, with the operation gestalt shown in drawing 8, although phase-inverter 1 1 C-5 are used, since 
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it can be made reversed with the polarity of PD1 1C-2, when it is made such, phase-inverter 1 1C-5 can be 
omittecl. This is the same also with the operation gestalt shown in drawing 13 described later. 
[0047] Drawing 9 and drawing 10 are the block diagrams showing other operation gestalten of the lightwave 
signal transmission equipment by this invention. With the operation gestalt shown in drawing 9 and drawing 10, 
after superimposing a pilot signal on a broadband AM input signal, semi-conductor FM laser is modulated. And 
two band pass filter 1 1 E— 1 and 1 1E-2 extract FM modulating signal and the pilot signal which were acquired by 
optical heterodyne detection, and they carry out frequency-mixing by frequency mixer 1 1E-3 further. According 
to the operation gestalt, the noise resulting from the fluctuation component of the frequency of semi-conductor 
FM laser and the frequency fluctuation component of the laser for local oscillation is removable with this. As 
compared with the lightwave signal transmission equipment 100 shown in the lightwave signal transmission 
equipment 101 shown in drawing 9 at drawing 1, the multiplexing machine 5 which carries out frequency multiplex 
[ of the pilot signal with which frequencies differ in AM video signal ] is newly formed. The output of this 
multiplexing machine 5 is inputted into SLT1F. In addition, about offset of the fluctuation component by using a 
pilot signal, it is advocated with the following reference [reference:Y.H. Cheng, T.Okoshi, "Phase-noise-cancelling 
dual-frequency heterodyne optical fibre communication system", Electronics Letter, vol.25, no. 13, pp.835-836, 
and 1989.]. 

[0048] Here, the detail of actuation of AM/FM converter 1 1K is explained using drawing 14. Drawing 14 shows 
the spectrum in (G) from each part (A) in each operation gestalt shown in drawing 10 and drawing 1 1 mentioned 
later, drawing 12, and drawing 13. In drawing 9, the multiplexing machine 5 carries out frequency multiplex [ of 
the pilot signal ] to AM video signal. Here, it is assumed that it is that from which the electrical signal with which 
frequency multiplex [ of AM video signal with a frequency of 90MHz - 450MHz and the frequency fp=2.1GHz pilot 
signal ] was carried out is acquired as an output (A) of the multiplexing machine 5 as an example ((A) of drawing 
14). The optical frequency modulation section 111 shown in drawing 10 outputs the optical frequency modulating 
signal which carries out optical FM modulation of the FM laser 111-1 according to the inrush current according 
to the electrical signal (A) inputted from the multiplexing machine 5, for example, sets center frequency f1 to 

193.006.1 GHz ((B) of drawing 14). In the output (B) of the optical frequency modulation section 111, the 
frequency component which fluctuation **f1 by the FM laser 111-1 generated to the intermediate frequency f1 
of FM modulating signal, and the lightwave signal containing frequency component f1**fp (193,004. 0 GHz and 

193.008.2 GHz) of a pilot signal which has fluctuation **f1 similarly again appear. 

[0049] It uses the local oscillation light (C) from the optical frequency local oscillator 1 12-1 shown in (C) of 
drawing 14, and the optical-heterodyne-detection section 112 (may be local oscillation optical frequency 
f2=1 93,000GHz here) by considering optical frequency modulating-signal light (B) from the optical frequency 
modulation section 111 as an input, and the electrical signal which detected by performing optical heterodyne 
detection is outputted from an optical/electrical converter 112-3. (D) of drawing 14 shows the spectrum of 
electric FM package modulation component (D) outputted from an optical/electrical converter 112-3. Since the 
output of the optical frequency local oscillator 112-1 is the local oscillation light of the local laser 112-10 and 
the oscillation frequency f2 has become what swung by fluctuation component **f2 Electric FM package 
modulation component (D) becomes what swung by fluctuation **f (=**f1+**f2) further from the main oscillation 
frequency f1 of the FM laser 111-1 about the center frequency as f1-f2 which subtracted the local oscillation 
frequency f2. Moreover, electric FM package modulation component (D) contains the frequency component of 
f1-f2**fp by the pilot signal simultaneously. In this case, electric FM package modulation component (D) serves 
as a signal containing each frequency component (center frequency f1~f2=6.1GHz, fl-f2**fp=8.2GHz by the pilot 
signal, and 4.0GHz). 

[0050] The fluctuation of the optical frequency of optical frequency modulating-signal light (B) and local 
oscillation light (C) is changed into fluctuation of an electrical signal (D) as it is. Moreover, fluctuation of the 
electric frequency of a package FM modulation component and the fluctuation of the electric frequency of a 
pilot signal become identitas (**f=**f 1 +**f2). The results of having taken out the package FM modulation 
component (D) and a round wave number component of a pilot signal using band pass filter 1 1 E— 1 and 1 1 E~2, 
respectively are (E) of drawing 14, and (F). If frequency-mixing of these is carried out by frequency mixer 11E-3, 
the electrical signal (G) which makes center frequency against which the fluctuation component was set off the 
frequency fp of a pilot signal can be taken out from frequency mixer 1 1 E~3 ((G) of drawing 14). 
[0051] Drawing 1 1 is the block diagram showing another configuration of AM/FM converter 1 1 K in SLT1 F shown 
in drawing 9. In AM/FM converter 1 1 F, the signal which superimposed the pilot signal on AM image input signal 
by differential distributor 11B-1 Distribute a phase due to an opposite phase (0 degree and 180 degrees), and 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran__web_cgLejje 



2006/08/01 



JP f 3371355,B [MEANS] 



9/11 y<— v 



the output (phase; 0 degree) of one of these is inputted into the optical frequency modulation section 111. 
Inphase composition of another [ the electrical signal outputted from the optical-heterodyne-detection section 
112 and ] output (phase; 180 degrees) of differential distributor 11B-1 is carried out by inphase composition 
machine 1 1B-4. The output by which inphase composition was carried out dichotomizes and is divided into FM 
signal modulation component and a pilot signal by two band pass filter 1 1 E— 1 and 1 1E-2, respectively. 
Frequency-mixing of these [ which were separated ] two electrical signals is carried out by the multiplier in E- 
frequency mixer 1 13. As mentioned above, fluctuation of the optical frequency of optical frequency modulating- 
signal light and local oscillation light is offset by performing frequency-mixing. According to AM/FM converter 
1 1 F shown in drawing 1 1, the clearance effectiveness of the fluctuation component by using a pilot signal and 
the effectiveness of offset of the same AM component as the operation gestalt shown in drawing 4 can be 
doubled and acquired. 

[0052] Drawing 12 is drawing showing other operation gestalten of AM/FM converter 1 1K shown in drawing 9. 
AM/FM converter 1 1G shown in drawing 12 are equipped with the optical frequency modulation section 1 1 1 and 
optical-heterodyne-detection section 112C which are constituted like AM/FM converter 1 1 C shown in drawing 
6 f and prepare frequency mixer 1 1 E~3 which mix band pass filter 1 1 E-2 and those outputs for extracting band 
pass filter 11E-1 and the pilot signal for newly extracting FM modulating-signal component. In AM/FM converter 
1 1G, the FM laser 111-1 is modulated with the electrical signal which superimposed the pilot signal on AM image 
input signal. And by balance DORESHIBA 112C-3, optical heterodyne detection of the output light of the FM 
laser 111-1 is carried out, it dichotomizes, the detection output is inputted into two band pass filter 1 1E-1 and 
1 1 E-2, and it separates into FM signal modulation component and a pilot signal. Frequency-mixing of these 
[ which were furthermore separated ] two electrical signals is carried out by frequency mixer 1 1E-3, and 
fluctuation of the optical frequency of optical frequency modulating-signal light and local oscillation light is 
offset. According to the operation gestalt shown in this drawing, the effectiveness which offsets the same part 
for the on-the-strength strange preparation of FM laser beam and fluctuation on the strength as the clearance 
effectiveness of the fluctuation component by using a pilot signal and the operation gestalt shown in drawing 6, 
and a part for the on-the-strength strange preparation of a local laser beam and fluctuation on the strength can 
be doubled and acquired. 

[0053] Drawing 1 3 is drawing showing other operation gestalten of AM/FM converter 1 1 K shown in drawing 9. 
AM/FM converter 1 1 H shown in drawing 13 modulate the FM laser 111-1 with the electrical signal which 
superimposed the pilot signal on AM image input signal. It dichotomizes by optical turnout 11C-1, and one side is 
inputted into optical intensity modulator 1 1C-6, and another side is inputted into PD1 1C~2, and the optical 
frequency modulating-signal light outputted from the FM laser 111-1 is changed into an electrical signal, and is 
further inputted into optical intensity modulator 1 1C-6 by the opposite phase through amplitude regulator 1 1C- 
3, time delay regulator 1 1C-4, and phase-inverter 1 1C-5. By carrying out intensity modulation of the lightwave 
signal inputted into optical intensity modulator 11C-6 with the electrical signal outputted from phase-inverter 
1 1C-5, the AM component in the output light of optical intensity modulator 1 1C-6 is offset. It dichotomizes, the 
detection output (D) which carried out optical heterodyne detection of this output light of optical intensity 
modulator 1 1C~6 is inputted into two band pass filter 1 1E-1 and 1 1E-2, and it separates into FM signal 
modulation component (E) and a pilot signal (F). And frequency-mixing of these [ which were separated ] two 
electrical signals is carried out by frequency mixer 1 1E-3, and fluctuation of the optical frequency of optical 
frequency modulating-signal light and local oscillation light is offset. According to the operation gestalt shown in 
drawing 13, the clearance effectiveness of the fluctuation component by using a pilot signal and the 
effectiveness which offsets the fluctuation on the strength of the same AM component as the operation gestalt 
shown in drawing 8 or FM laser can be doubled and acquired. 

[0054] Each operation gestalt of this invention mentioned above, without being restricted to the above- 
mentioned gestalt in addition, for example, as other operation gestalten It changes to AM/FM converter 1 1 K 
shown in drawing 9. It is possible to use the configuration which adds band pass filter 1 1E-1 as further shown in 
the output of the optical/electrical converter 112-3 of AM/FM converter 11D shown in drawing 7 drawing 11 - 
1 3 and 1 1 E~2, and frequency mixer 1 1 E-3 etc. 

[0055] Next, with reference to drawing 15 (a) and drawing 15 (b), other operation gestalten of the lightwave 
signal transmission equipment by this invention are explained. The lightwave signal transmission equipment 102 
shown in drawing 15 (a) consists of the PURIDISU torsion circuit 6 established in the preceding paragraph of 
SLT1 J, SLT1 J, an optical transmission line 2, an attenuator 7, ONU3J, and a television set 4. SLT1 J consist of 
AM/FM converter 1 1 J, semiconductor laser 12, such as a DFB laser, and light amplifiers 13, such as erbium 
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dope fiber amplifier. ONU3J consist of FM recovery section 32J with the optical photo detectors 31, such as 
APD. Tn addition, AM/FM converter 1 1J and FM recovery section 32 J are constituted like the operation gestalt 
explained with reference to each drawing mentioned above like the AM/FM converter 11 shown in drawing 1, and 
FM recovery section 32. In the lightwave signal transmission equipment 102 shown in drawing 15 (a), distortion is 
offset by compounding beforehand the distortion of the amount and tales doses of distortion carrying out 
distortion compensation in the PURIDISU torsion circuit 6 in a latter circuit by the opposite phase. The 
PURIDISU torsion circuit 6 can consist of FET amplifier etc. that what is necessary is just to operate by the 
frequency band of AM video signal, for example, 90MHz, to 280MHz rather than to operate to broadband FM 
signal. 

[0056] Drawing 15 (b) is the block diagram showing the example of 1 configuration of the PURIDISU torsion 
circuit 6. The PURIDISU torsion circuit 6 shown in drawing 15 (b) consists of a turnout 61, the distortion 
generating circuit 62, an adjustable attenuator 63, the adjustable delay line 64, and a multiplexing machine 65. 
The inputted multi-channel AM video signal dichotomizes by the turnout 61, and is inputted into the distortion 
generating circuit 62 as the noninverting input of the multiplexing machine 65. The distortion generating circuit 
62 gives a predetermined distortion to an input signal, and the adjustable attenuator 63 and the adjustable delay 
line 64 adjust the reinforcement and the phase of a signal further. And the signal outputted from the adjustable 
delay line 64 is inputted into the reversal input of the multiplexing machine 65, and it is multiplexed with another 
[ which branched by the turnout 61 ] signal. 

[0057] The operation acquired by the PURIDISU torsion circuit 6 mentioned above is compensating distortion 
produced in AM/FM converter 11 J. However, by changing distortion which the PURIDISU torsion circuit 6 gives 
to an input signal, it can also compensate including distortion further produced in FM recovery section 32J of 
ONU3J, and it is also possible to include and compensate even distortion further produced by the optical-fiber- 
transmission way 2. In addition, as a factor of distortion produced in AM/FM converter 1 1 J, the nonlinearity in 
the dynamic characteristics of the input current pair output optical frequency property of FM laser can be 
considered. Moreover, the group-delay deflection of the electric amplifier used in AM/FM converter 1 1 J is 
considered as other factors. On the other hand, as distortion produced in FM recovery section 32J in ONU3J, 
the group-delay deflection of the electric amplifier which constitutes it is the factor whose number is one, and 
the nonlinearity of the input frequency pair output voltage property of FM recovery section 32J is also further 
considered as other factors. Moreover, as a factor of distortion produced by the opticaHfiber-transmission way 
2, distribution of the optical fiber for transmission is one factor. Therefore, what is necessary is for distortion 
given to an input signal in the PURIDISU torsion circuit 6 to search for these factors beforehand by count or 
experiment, and to change it suitably according to other factors, such as an input signal and temperature, if 
needed further, to set up and just to adjust it so that it may be compensated. 

[0058] In addition, although this operation gestalt explained the multi-channel AM video signal as an input signal, 
it can explain similarly the multi-channel QAM video signal by which frequency division multiplex was carried out 
as an input. Moreover, the analog except a video signal or digital one can explain a broadband electrical signal 
similarly as an input. 

[0059] In addition, although it has inputted into ONU3J with the operation gestalt shown in drawing 15 (a) after it 
outputs after forming the erbium dope fiber amplifier 13 in the output stage of SLT1 J and amplifying the output 
light of DFB laser 12, and making it decrease with an attenuator 7, arrangement or the number of amplifier or an 
attenuator do not need to be limited to the mode of this operation gestalt. Moreover, omitting suitably is 
possible. 

[0060] Next, other operation gestalten of the AM/FM converter by this invention are explained with reference to 
drawing 16 (a) and drawing 16 (b). Drawing 16 (a) and drawing 16 (b) show the block diagram of the AM/FM 
converter as a modification of the AM/FM converter 11 shown in drawing 1 (b), respectively. The operation 
gestalt shown in drawing 16 (a) and drawing 16 (b) is characterized by reducing the optical frequency fluctuation 
of an electric package FM signal by AFC (Auto Frequency Controller: automatic frequency control circuit)202. 
Optical frequency fluctuation results from fluctuation of the oscillation optical frequency of the FM laser 111-1, 
and fluctuation of the oscillation optical frequency of the local laser 112-10. A low pass filter 201 extracts the 
fluctuation component of the optical frequency of the low frequency within FM recovery signal inputted through 
PD204, FM recovery section 203, and AFC202. In this case, the input light of PD204 is taken out from one 
outgoing end of the vacant (it does not connect with PD 1 12-3) optical turnout 112-2. According to the 
fluctuation component extracted with the low pass filter 201, the negative feedback control of the optical 
frequency of the FM laser 111-1 (in the case of drawing 16 (a)) or the local laser 112-10 (in the case of drawing 
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16 (b)) is carried out. As an approach of carrying out a negative feedback control, there is a method of changing 
the inrush current to the FM laser 111-1 or the local laser 1 12-10 or a method of changing the temperature. 
[0061] In addition, although this operation gestalt explained the multi-channel AM video signal as an input signal, 
it can explain similarly the multi-channel QAM video signal by which frequency division multiplex was carried out 
as an input. Moreover, . analog except a video signal or digital one can explain a broadband electrical signal 
similarly as an input. According to this operation gestalt shown in drawing 16 (a) and drawing 16 (b), the noise 
generated by optical frequency fluctuation of FM signal which carried out package conversion can be reduced. 
[0062] In addition, each operation gestalt explained with reference to drawing 15 (a) and drawing 15 (b) or 
drawing 16 (a), and drawing 16 (b) The AM/FM converters 11L, 11M, 11N, and 110 shown in drawing 17, drawing 
18, drawing 19, and drawing 20, for example, without being limited to the combination shown in those drawings, It 
is possible to combine with the lightwave signal transmission equipment or the AM/FM converter explained with 
reference to drawing 1 - drawing 14 suitably. In addition, the same sign as what was used with the above- 
mentioned operation gestalt is attached to each component shown in drawing 1 7 - drawing 20, and explanation is 
omitted. 

[0063] Moreover, it is possible to combine the configuration which removes an unnecessary component on the 
strength using the signal with which drawing 4, drawing 6, and drawing 7 differ from a phase as shown in drawing 
8 in addition to this, and the configuration which offsets frequency fluctuation using a pilot signal as shown in 
drawing 10 - drawing 13, and to combine with them the configuration which reduces distortion by the PURIDISU 
torsion circuit further shown in drawing 15 (a) and drawing 15 (b). Moreover, it is possible to combine the 
configuration which removes an unnecessary component on the strength using the signal with which drawing 4, 
drawing 6, and drawing 7 differ from a phase as shown in drawing 8, and the configuration which reduces 
distortion by the PURIDISU torsion circuit shown in drawing 15 (a) and drawing 15 (b), and to combine with them 
the configuration which reduces optical frequency fluctuation by AFC further shown in drawing 1 6 (a) and 
drawing 1 6 (b). 
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* NOTICES * 

* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 (a) is the whole lightwave signal transmission equipment block diagram of 1 operation 
gestalt of this invention, drawing 1 (b) is the block diagram showing the internal configuration of the AM/FM 
converter 1 1 shown in drawing 1 (a), and drawing 1 (c) is the block diagram showing the internal configuration of 
ONU3 shown for showing in drawing 1 (a). 

[Drawing 2] Drawing 2 (a) is drawing showing an example of the spectrum of the electric package FM modulation 
component obtained as an output of the optical-heterodyne-detection section 112 shown in drawing 1 (b), and 
drawing 2 (b) is drawing showing the spectrum of the recovery multi-channel AM video signal to which it 
restores collectively by FM recovery section 32 shown in drawing 1 (c). 

[D rawing 3] the ratio of the power PFM of signal light (FM laser beam) and the power PLO of local oscillation 
light (local laser beam) which are inputted into the optical/electrical converter 1 12-3 which shows drawing 3 (a) 
and drawing 3 (b) to drawing 1 (b), respectively — it is drawing showing the relation of PFM/PLO and CNR when 
restoring to a modulating signal to AM video signal in the output terminal of the AM/FM converter 1 1. 
[Drawing 4] It is the block diagram showing other operation gestalten of the AM/FM converter by this invention. 
[Drawing 5] the ratio of the power PFM of signal light (FM laser beam) and the power PLO of a local laser beam 
which show drawing 5 (a) and drawing 5 (b) to drawing 4 and by which an optical/electrical converter 1 12-3 HE 
input is carried out — with PFM/PLO It is drawing showing the relation between secondary inphase composition 
machine 1 1 compound distortion (CSO) of AM video signal when restoring to an electric package conversion FM 
signal in the output terminal of B~4, and 3rd compound distortion (CTB) with a broken line. The property of the 
AM/FM converter 1 1 which aligns with each drawing and is shown in drawing 1 (b) as a continuous line is shown. 

[Drawing 6] It is the block diagram showing other operation gestalten of the AM/FM converter by this invention. 
[Dra wing 7] It is the block diagram showing other operation gestalten of the AM/FM converter by this invention. 
[Prawing 8] It is the block diagram showing other operation gestalten of the AM/FM converter by this invention. 
[Drawing 9] It is the block diagram showing the whole lightwave signal transmission equipment configuration of 1 
operation gestalt of this invention. 

[D rawing 1 0] It is the block diagram showing the internal configuration of AM/FM converter 1 1 K shown in 
drawing 9. 

[Drawing 11] It is the block diagram showing other operation gestalten of AM/FM converter 1 1 K shown in 
drawing 9. 

[Drawing 12] It is the block diagram showing other operation gestalten of AM/FM converter 1 1K shown in 
drawing 9. 

[Drawing 13] It is the block diagram showing other operation gestalten of AM/FM converter 1 1 K shown in 
drawing 9. 

[Dr awing 1 4] It is drawing showing the spectrum in (G) from each part (A) of each example of a configuration of 
the AM/FM converter shown in drawing 10 - drawing 13. 

[Drawing 15] The block diagram showing other operation gestalten of the lightwave signal transmission 
equipment according [ drawing 15 (a) ] to this invention and drawing 15 (b) are the block diagrams showing the 
example of a configuration of the PURIDISU torsion circuit 6 shown in drawing 15 (a). 

[Drawing 16] Drawing 16 (a) and drawing 16 (b) are the block diagrams showing the modification of the AM/FM 
converter 11 shown in drawing 1, respectively. 

[Drawing 1 7] It is the block diagram showing the example of combination of each operation gestalt by this 
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invention. 

[Draw ing 18] It is the block diagram showing the example of combination of each operation gestalt by this 
invention. 

[Drawing 19] It is the block diagram showing the example of combination of each operation gestalt by this 
invention. 

[Drawing 20] It is the block diagram showing the example of combination of each operation gestalt by this 
invention. 

[Description of Notations] 

1 SLT 

2 Optical Transmission Line 

3 ONU 

4 TV Receiving Set 

5 Multiplexing Machine 

6 PURIDISU Torsion Circuit 

1 1 AM/FM Converter 

12 DFB Laser 

31 APD (Optical/electrical Converter) 

32 FM Recovery Section 

1 1 1 Optical Frequency Modulation Section 

111- 1 FM Laser 

112 Optical-Heterodyne-Detection Section 

112- 1 Optical Frequency Local Oscillator 
112-2 Optical Multiplexing Machine 
112-10 Local Laser 

112-3 Optical/electrical Converter 

1 1B-1 A differential distributor 

1 1 B-2 Amplitude regulator 

1 1 B-3 Time delay regulator 

1 1 B-4 Inphase composition machine 

112C-3 Optical/electrical converter (balance DORESHIBA configuration) 
1 1C-6 Optical intensity modulator 
11C-1 An optical turnout 
11C-2 PD 

11C-3 Amplitude controller 
1 1C-4 Time delay regulator 
11C-5 Phase inverter 
1 1 E-1 , 1 1 E-2 Band pass filter 
1 1 E— 3 Frequency mixer 

201 Low Pass Filter (LPF) 

202 AFC 

203 FM Recovery Section (Frequency Recovery Section) 
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So S6«Cv CNRt^9-ttP FH /P LO «OTP| 
«««©7t#3K:<fcoTSE{tr*. 03(a), 03 

^^-PtoOtbP^/Pto^efaolBffiCcMfBi-rsci 40 
T\ WS©CNR*f#SC£#iafle£&*o 
[0 03 3] tC6t, CNRCCWi-SRHCA 

SWK^c?-JtP«/PLo*«Wr ZlC^tdX 

^-p t0 *ft^nKoi»ri^l§cc»ur©S9Wl8a« 

s*±4dBgaaiitf^*^*4o b^ot, en 

dBJ!a±t}te^*CNR<0Wtt*»6fc«>«:B, P FM 50 



#1*3 3 7 1 3 5 5 

12 

/P L o©J±£-8<P FM /P LO <8 [dB] CC«fW4 

[0 03 4] HiCa)R^HiCb)Cc^-ri6fi#eS6 
^a©AM/FMn>/^-^ii<D*%93tcJ:Sffe©*|ffe 

H2Ca)afcwccig4-ia8*#Murttwr4 8 ± 
^U/cSi(b)$c*T^iS«^ISgBiiir«, 
-if (C<t ^ TflteRS ni)F M 9 ui-M)ffiA«** 
A^ff #{C|£ D T^ffc a^^" l>FM 

fck 02(a)<Dm^— fSFM^iSM-^X^^ h^Uc^J: 
55CFM^^<, IsJ^^AM^IBJ^^Sa-r 

■X* h^EfiHUMStt (B2(a)(DWCttl.75GHz) *tfi 

*Wc&£ 0 FMU-tf36*-5^»o-*JVU-tP 
*©fi«Cctt9)6af}&s*r), Ch6«FMa«W32K:J: 

FMaw^^^^aaB-rsi^ttOiiiWKi&s 

[0 03 5 ] H4B % g|l(a)CC^AM/FMn>7^ 
£ ll<D*:fPJi SC <t -5 ffe©H i»l?:St 0 0 4&C fe C > 

r , sica)X^iai(b) tc7fr?ffif8 t t m—(D & <d&c urn— 

(Df^Wtl^o &fe\ TsBCc^-rffifiOSUft^JBCc 
<DHCC^-rAM/FMa>/t-^itB«, A^AMRft 

«#©titfH*i8tf M^6^r^E*rs^»»iBSiiB-i 
r^p^iiB-3i, mmntamnj^mm^msm^ 

CC#Ari^4. AM/FMn>^^^HBr^ AMK 

«©W«r»EL. -^©tH^ (ffiffi ;o')^FMU- 
1fm-itcA*L/, ^©ffi^^fa^>«3ii2 

>lft?gLT, 3 6tcPDii2-35c 

PDn2-33&»6tH*sns«a«#&, m«j^e^ii&- 
kd«> ^>-^<Dmt) am ; iso- > ^s-^< «»fi# 
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B, ^B^SiiB-4cj:orp|^^$n^ 0 c<D± 
»TSo PDrL2-3CDtB^ox--<^ h;P*BI*CijK:. 31 

SP#PflJISf|llB-3CDffi^;(DX«-< ^ h J\s% (2)CC^ 

ft**, ccm a»H«»«»Ei/rH*^j*fetT5« io 

[0 03 6] CCX, i5(a)^Ol5(b)^#llt, d 
4$C^Vr AM/F Mr? *llB&C:bttS:M£«S»8ll 
2-3^A*Sti4«-^* (FMl/- !f36) ©'^-Pr.. 

BBd^llB^Htfj^fcto t >T WR-fHHfc F M 
ft#£«fS b/c £ AM^m-^OlS^ 2 (C 
SO : Composite Second-Order Distortion) Jk&W.tt 20 
3#:31<& (CTB : Composite Triple Beat Distortio 

n) ©Httteo^rttgrr*. 

t"*fe^*lffliS^^2.75GHz<D^<DS!I£ffi, m 5(b) 
El5Ca), 5(b)$£:Jot>T, Hfir/St^tt^lKb)^ 
ft*>\ l^^*^a«:0©JB»»«KAf«*IBJB 30 

4^^2.75GHz<i:3.85GHz<D£#, ^tl-ttl, 220NHzb_ 9 / 
chi280^Zo-p/chr^>^> 0 C(D«£5&c\ H^^TttlA 
KJ:ti«, AM^MiSt^Citc^ot, H5Ca)Cc 

esearc svr <fc 5 *c p F M / p L 0 ft 
ceases o*3k#T*c<b*st?*a 0 &/t, 05(b)cD 

«*B0eHrtSVr «fc 5 {c P F „ / P L0 <D«*« Aft ^ * 

o, ctb) <omft*&w?zz±imwcfoz>o 40 

[0038] mm, a4^#IlTiiL/cAM/FM 

/FM3>^-*lirCB. ^7>^Fl/^iSi 

20gr»JsKUTl>£ 0 3fe^n^-f>«|?fiB8ii2crB, ft 
ttCD— ^U/c2 OCDP D*636«^ft«H2C-33&s«^3 
ftT^T, £fc x 76^Sia2-2^6 2o(DPD*rcD 

B, SM3CBWE^BIffi'r««3n. M»KXIia»a»t so 
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i^fBrsm^n^ 0 2o©PD©*n**i<o«tt3&ssi^ 

[0 03 9] C<£>*§^ ;t7>XFl/^w^in 
C t(om&<0 1 oB, FM U-1f3I^S»B3E«l«»45» 

2-2<DHl^J*2'Oife*iJfllUT^4C:<br**o CtlK 

i^Kiyoshi Nosu, Katsushi Iwashita, Mori Shibata, M 
asao Kawachi, Hiromu Toba, Osamu Ishida, Takeshi I 
to, and Kyo Inoue, "Goherenct Lightwave Communicat 
ions Technology", pp. 76-79, Chapman & Hall, Londo 
n, 1995&C|£L<eiW3hTlr>£„ 

[0040] mAoffimtm&DMm&tt^&t. 
sis»»E»iifr-i. s«anE»iia-2. R&mmmm 

^(DB, iftMft (-«FM«#©««») <fcft*HJ«^ 
j^iiB-4-e&&^ F u^-^^Cctb^tiB-^ 

BW^-r&36W8afcB (PD) ^2^©t, H4K5* 

lfc»B?rS«tefc) (HlCa)fc5%rONU3K: 
B s S^f^8&*B3^i«;hTi£H 

[oo4i] cmcttox. m4<Dmmx wmmm-i 

12-3CDffl*i, FMU-1flll-lCD^pm#tCS^<M 

J:^04^^*rAM/FM^>^-3?ilBCD«^'CB, F 
M u -if m-ii *^T*n^^> IftjffiBf i^^WjSE-r ^ S 
fllJSESIRiiz-io, 112-2 ,ii2-3CDT^<r ^aHftffllJ© S L T 

iwct£gstk m&mmic&zcDx. fm^ui-i 
2oa*«««#*«f»ft««r^«-rsc: t&nimx 
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S4CDJ:5&#;£fcfc^rk, ^SP^Jg^^- 

(C2-^;Ub-1fll2-2(Dffl^) %ffi<«ci^ 

[0 043] ^cigy^Mbr^c^TAM/FM^ 
AM/FM3>/^^iiDlt H40C^*TAM/FM^> 

6£ITUr^& 0 CCD^te^r^ FMl/- ifiii-ico 
A^£fPS&#I2SiiB-iro° <ti8o° fc2#*l/r43 

U AM»K»4IH»r«. 

[0 044] i8«, 04&C^AM/FM3i>^-£ll 

/FM^ls^-ZTlBtU, FMlx— tfni-l<DtH^2 
#«lT&^ft3£llC-l, Tfe^K^llC-lCD-^COffi^f^: 

^tai^^Mi) pdhc-2, ^(DmiimMmno) 

^S^PHiic-6^ff/c^^^6nr^a 0 fir, a 
M/FMn>;^^UFCti, *5Sta^»iSiic-6©ffi* 
#*#^ fn^ >««»ii2r L T«»-}S F M 

[0 045] i8^tAM/F #HErte, 

his n/c*jaigi^iam^**^suc-ir 2 

##*5&B»>rrs c i cc j: o r , ymmMmmic-6 
tBRsti. ^fm^ih^cdx^^ b>i>&tpmmwm 

uc-ecc A* $ *i i fl^tf MB ^ n 

£ 0 H7RC^H8Cc^-rseSfcJK»rK, BeK:7jWv«^> 
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cc p d *jBi>r ?fc*^si 0 /cffl^jr a ymmfSftztm 

LX\<>&<Dtm\ FMl^-iflll-^6<Dj||ffl$n/c 

mwisaRcc** n & a M^js#^®e*$> h zzmtr 
sci3Wr*fti^ 0 cn&c>tfLr, H7Saeia8©flijaTr 

tt, 3^R»rAMaB^»**KRLt:Ci40r % PD 
(Dm^jcD-r ^<r <DH99SttC t>/c-?TA M^HUffifl^ F M 

ccft£Mi%^&£c£<b, a-^;i/U-ifii2-io(D^gl5 
|ffiS3fe(D3«BM> 6 g&ffl®x * ft ^©r, c ©iSfcot,* 

coo46] a*?, lascc^-rmsj^jsrii. msm* 
[0047] HsR^Hirt*, j:**«#eas 

fur, *^n*^>«l»ccj:oT»6hfcFNan« 
a? Fff-^£, 2^>F^7^;^n 
E-1RDPHE-2K: J: o rffitfj U S &fcMKM£«iiE- 

LTlF^A^^ti^o ft*. hfif4ffl^8C 

*|P§£ftfck<Dr&& : Y.H.Chenq, T.Okosh 

i, "Phase-noise-cancellinq dual-frequency heterody 
ne optical fibre communication system", Electronic 
40 s Letter, vol.25, no. 13, pp. 835-836, 1989.] 0 

[0 04 8] CCr\ AM/FMnW^-^llKCDt&fF 

ffl^(A)iL/t, j^Iigf(90MHz- 4 50MHzCT) A M i^^ff ^- £ 

JB«Kfp=2.iCHz©^-Ya!? Kl#3&JJIHHR^a:3nft: 

•aM^ssnsfeoiisjE-i-i <Hi4©(A)) o si 

50 o0c^36JB««fflBI»iiU*. ^«»5*6A*Sti4 
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*3fcFNBEBIU **JBiBa»fl*193 ,006.1GHz 

ir**«»«aiiMi#*w*'r4 <hi4©cb)> . t£ 

Hi«^H»iii©ffl*CB)K:tt, FMSBWI#©*IHIJ9 
88!fcfiiC*f ItFMl/ -If ui-ifcJ: S &9> 6 8fAfuW» 
*U^«W»SE»i, *fc, HD<fc5fci»&*AfL*W 
tS^-fO^ F ft "COM^^5>fl± fp (193,004.0GHz 
5:0*193 , 008 . 2GHz) *^tf Jtft^^tl & . 

[0 04 9] ^fc^a >*MR»U2tt, 3fcjajga»SE 
l^aji^60*JB«^W«#*CB)*A*i:Lr, S io 

316 CO ( C C r &*JS»j^3fcJS&»f2 = 193 , 000GHz<t -t 

««FM— JSSEW)s8»CP)tt, F 
MU-1fiii-i(D*4>^^ 20 
2&5[l>fcfl-f2£l,r, 3e»CCfl>e»gfAf (=Afl+Af 
2) tl>6l^feOiW e ^IFM- JS^t« 
^CO)», I^JBftc, ^-/P * Fft^itJ:£fi--f2±fpCDJB 

<£ & fl-f2± fp= 8.2GHz, 4.0GHzCDSS5g^C^*^ 

[0 05 0] *H»«IBB«#*CB)i»aRia»*CO© 

g^wu* bmn<DmMmwm<D®t>mzm-- (At 

= Afi+Af2) ) fcfc*. -^FNKH«»CD)i/W 

1, ii£~2*ffli^r^n^nm f 3fflo/c^^Bii4<DCE) 
t?&mmwn(G)zmiom?c±&~€%& (^i4o 

CO) 0 

[0 05 1] Hlli*. S9JC^*rSLTlFW<DAM/F 40 
Mn>;^j? llK<Z>#J<Dl#/&*^*r :/ P ? ^ @r & £ □ 
AM/FM3>^-#lire», AMKtAM^iC;^ 

fuffi^a £i80"©Mffl®B8^r#ieu ^<D—i^(0 
Wi dm ; o- ) **jhs^I8*i3ik:a*L/, 

>«ss»ii23&> 3 & »fc& 

BH|giiB-i(7)fe^-*cDW^ (fflffl: usff) *H«£* 
BiiB^cJcorHW^fjE-f *. RtteAStifctftfJ 

lE-2(c<fc F MM #SB»*»i A-/ P v Mi#ft:*ft 50 



#fp3 3 7 1 3 5 5 

18 

«ifl*S*i5. 5>Ht 3 ti/c C ti 6 2 ocD^Mff ^« , 

HufC^-rAM/FMn^^-^iiFtcAti 
H4CC^Lfc*«0l5«i:ra«©AN0W^ 

[0 05 2] H9tc^"T AM/FMaW<-*l 

IKCOfl&CDjgJteKllRS^Hr**^ ^12^C^TAM/F 
jrnjQt2 % H6tCStAM/FMa>^^ll 

ffl*r^/c^<D/^> f^x? -/ ji/^iiE-ii^^-rn ? m 

^JBfflTe/cs?>cD^>F^X7 ^£iiE-2<t^tie> 
©ffl**»^*«aS^^»iiE-3*KWft:«>©r* 
So AM/FMrJ>^-^Ujcr« % AM^iAM^ 
tc*-/ia * H#41iLfciafi#rFMi/>- ifin- 
i*g£Srr£ 0 ^ir, ;^>x Fix^-/^ii2c-3tci: 

#iie-iS^he-2&cA;^U FMi^S^i^VP 

[0 053] Hl3tt, B9tC*fAM/FMa>;^^l 
iK©flb©5SJWKJI8*^"rH , t?*So Hi35c^"TAM/F 
Mn>^-^iiH^ AMKtAM^^^P^ hit 
^111 /cl^r FMU- If 111-1* gQBT ^ o 

f m ifm-^6 § n*3iaaig*f^iH«-93fc» 
^cA^; 3 ft, & 5 —##5 P D iic-2icA^? 3 tir^tim 

c^ca»BrA*3hi. *5ra«»iic-6CCA*3ft 

iotMBSMticiKiot, 7^g§£ilSiic-6 
©Hi*^cfeWSAMXaifiS^ffiS3ft4o C(D363fi 

ffi^CD)*2^KUr, 2oo;OF«7 ^;i/d?HE-i 
SCf iiE-2tc A* 0 , F Mi^ri^^ CE) t^o^F 
«^COiC^«tT*o »»U^Cti62o©« 
»«#*Ha^^iiE-3K:<t^rJBaaBSB^U, 
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htcfmimt mn(D am^hi f m v -if <mm 
[0054] ±mb?c&m*D&mnBm£. ± 

7K^tAM/FM3>;S- #llIXC*Sg&S&112-3© 
lttft{CS6{C0ii~i3k:7^Tcfc5&^> K^*? ^£ 

JBl»-5Ci*3&sHttT?**. 10 
[0055] ai5(a)RO*Hl5(b)%#MSL/r, * 

«WK J: S3l^^j££SK©ffi!©S§56J^fclft9!'r •§>. 
Hl5(a)K:*-r3fe«^e3i^gl02C3:. SLTU©Bul3fC 
itWCnri^^'UT 1 ^^ h-^a>llSg6i. SLTl 
it, ^j*iS2i. ^H7i, ONU3Ji. 
M&4fr>t>ffi1&£ti-C\,>2> 0 SLTlJ^ AM/FMa 
>r<-#l±3<t. DFBV- tf^co^#P-1fl2i, 
:c*t?9A r ;-<i»i>IfPg©3fci«iHSl3#> $ 

sssnri^-s. onu3j«. a p nm^it^m^ 

£. FM«BW323*>6««3ftTl>S. &*>\ AM/ 20 
FM3>;-«--£iij-^FM?Si§g|3323«, FJ;U3®lfc:^ 
tAM/FMa>A-$it FM«S§B32©<f:5«, _L 

ti-s^©-es>-2>„ 0i5Ca)«c^-r^#eiii$igio2-e 

WC^kST & C i (c J: o T ffi#©ffi« Jfcfr 5 „ 7''Jf-( 
XF-^a >@|&6«j£#i&ft F Mfi-iffC*f OTttflrr 
*©•?«&<> AMKM^Mfi. m«. 90 
MHZ*>P.280MHz-ClM'p-rtl«m<. F E TJfiflg 30 

ft <StrBWW-4 C i *s-C* a„ 

[0056] 015(b)»^">;7 t -f X h-^a>15IS§6©— 
-f X >a>@8§6». #&«61 M^*@SS62, 

«. ««S6n?2#tt3*iT. £«»63©#KKA# 

i. M*l6^|5IK62^.A^SnS. S^*PS§62« 

tor, !BBHffilH64*»6a*3ti?t##ti. £$r 

[0 05 7] .kmUtcy'Vf-i X >a>@SS6(c4; 
o-Cf#6n-SfPffl«> AM/FM3>^-^11J-C*D 

6S#*««-r -set -efts, fc/cu ^yf^F- 

(Cfc^T. §6{CONU33©FMHIiSI5323-e^D-2>S 
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feWte-C*^,. &*J. AM/FM=JWt-*3iTC*D 
fc. AM/FM3>^"-^iu{C*5l^rfflt<^rt,i-5.mM 

*e«S©«f®aS^*sffi©SH £ 6 ti* . - 

ONU3Jft©FM«W*32rc£l/*g#£t/C 
^Eg-e&i), 3 FMtSP^323©A#Jl$I&*ttH 

IWot, ^"yf 5 -/ X h-: a >HISS6(C*5t,»r A^3 
flr*fc^*.4£#tt. cftb©£H*tf*&Sl>»X£ll 

^um.momommicmcxm-g.mtzitx, ztizm 

[0 058] ^ft>^AMK 

-ess. 

[0 05 9] £c*J, iai5Ca)tc^-r*»0J!8-Ci*, S L 
Tl3©m^®Kx;Vt*^A F — t -f ^if »ISl3&t8 
tftDFBl/- tfl2©tti#:ft£WsLT^ffl;>JU 3£ 

«S7r«aS3-a'r*ie.ONU33«:A*urt>436i. *i 

RO*016Cb)&C^-r*ife?f^«, AFC (Auto Frequenc 
V Controller: &nmWm¥m®m 202CCj:^rmM 

14, PD204, FM«KiaJ2oaRa t AFC202^UTA 
JS^^fflffiT^. C<D*§^ PD204<OA*3e», 

ri^s (PDii2-3ic^3nr^&iO 7fc^ftflii2-2 

1 (l3l6(a)<DiS^) fcL/< teH-^U-lf 112-10 (0 
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[0061] %mmm*> *f+>*AAM» 

*lfc£* + >*;UQAM8WWi^*A^<i: bHflMC 
«. -JSSBftOfcF M«#©*H88R«> S> Sf «: «fc -o-cm 

*r zm^zi&m-r z> c t **r * 

[0062] fefe Hl5Ca)Rtfl9l500&&l»&Hl£ 10 
-^UL,llM,llN,SO s lL0<t i 5(£;, 01~014&#flfO"t 

§ibj \sit3tms%&&8m$> s t>« am/f m £ 
<t®fiffl^t>-a-s c <t#sw8£r&£ < , 0i7~0 

[0 06 3] COtiTWCk, 04, 06, 07, R 

K)&fr*l&5fe-r-5^J?££, 0io~0i3(c^-TJ:5fr;W 

M>#ici, *ir, ^•ti^fcse.KSisca^i^si 

4, 06, 07, &D^(c^-£5&&*l©M&£<i^l-£ 

3 6(C016(a)SO £ 016(b){C^-r AF CtCJ: ^Xltfflm. 30 

'So 

[0 064] 

[0 06 5] § L < tt, 8*5*31 1 2: 3 ICM M(D& 

S8BS»i*-9*K:aaE'r*AM«»*i»*r*, 
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[0 06 6] $/t, 8*5fcg 4 - 6 tef B«g>%WK:<fc:h, 

[0 06 7] 
[0 06 8] 
[0 06 9] 
[0 07 0] 
[0 07 1] 
[0 072 ] 

[an mitaM*mi<D-mM&m<Dftm^&mm 

m(D±ftmf8m-C$>*), 01(b)»01(a)&C^irAM/F 

1(c) KHiCsOic^ sc^r O N U 3<DF*g35*f ja*?jvr :/ 
a? ^0~e&£ o 

[12] H2Ca)KHlCb)^T*-^^ny-<>«SftaP 
^ b ;UCD— W£^rT0T*& 9 , 02(b)te01(c)$C^?rr F 

Mamas 32^ j: o x — s l r mm 2 ti &mm&? * > * 
[03] ia3(a)S^H3(b)^, ^n-ewai(b)^-r 

-P LO iCDj:bPF«/PLoi, AM/FM3>A-$no 

CH4] ^58KJ:4AM/FM3>^^©i©ll 

[05] H5Ca)aVH5(b)tt, S^C^^^Hl 

in-^;t/U-^©^^-P LO icDi:l:P F M/P L oi, 
Hffl^gnB-4<Dffi^^^fcl>r^--fi5^JfeFM 
ft^^lSif Uft: i ^ (D AMK^ff 2 (C 
SO) (CTB) OBB«*«6»r^-r 

mxfot) , 1 Cb)5C^AM 

/f ^ncD^tt^bn^c 

[06] *»?BK: <fc -2> AM/F Mn ^CDffeCD^I 
[07 ] *^CCJ:4AM/FMri>^-d?<Df6(D* 
[08] #mXfc£&AM/FM^>^~Z<Dm<Dm 

[09] ^m<D-mmmm(Dmnn&mmm(D±it 

[010] IS^C^fAM/F Mr3 ^uxOl^gP 
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[ill] AM/F >/\*~- ^HK(Dffe(D 

[012] i9^1"AM/F Ma ^liKCDfffeO 
[013] H96C^"i-AM/F Ma £ llK£>fffe<£> 

[014] 0lo^0l3k:^^AM/FMH>^-£cD 

[015] Hi5(a)tt, *»WCCj:S36fi#e3^ai 
©tt©»I^^1*^n v ^0, Hl5(b)6*Hl5Ca)5C 

Tf&zt yf^H^a >iaiS6<DaiJ5SEw&^ , r ^ n * 
^0r&£ o 

[0 l 6 ] Hu6Ca)HCJP|aafiCb)B*ti*tiBliic*T 
A M/ FM3>^* IKDfflSW**^ ZfUvZ 0~C ft 

[0 l 7 ] *»WCC J:SSIQfc»«©tt*m>1*«* 

[018] #JMBfc J:S«3aBKJ8CDjH*^to-WII* 20 
St^n y ^0-e&£ o 

[019] *»WCC<fcS«3IJl0P»©jB*^t>*«* 
[020] ^K<tS«MIBW^»di) *W* 

1 SLT 

2 ^e^ss 

3 ONU 

4 TVftI *30 
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5 

11 AM/FM3>A-$ 

12 DFBWf 

31 APD 

32 Fummm 

in 

111.-1 FMU-lf 

112 yt^u#j>mgiM 

112-1 *HS3»JaSBfaSS 

112-2 7fe^«|§ 

112-10 P — iJ )V\s — If 
112-3 36«SES!S 

11B-1 
11B-2 

11B-3 SKR$RNHB8 

iib-4 isita^^n 

112C-3 ^M(^7>^Fl/^w«) 

iic-6 mmsam 

11C-1 

11C-2 P D 
11C-3 

iic-4 mw^mm^m 

11E-1, 11E-2 A*>F^X7^l/^ 

11E-3 ra&a^s 

201 P — (LPF) 

202 AFC 

203 FM^sggp (fltatam) 
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